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1. 2 

COLD-TOLERANT PLANTS EXPRESSING Subtropical Zones and in high elevation areas. Improvement 
MYBS3 AND DIREB1A PROTEINS of chilling tolerance in rice or other food crops may signifi 

cantly increase their production. There is a need for cold 
RELATED APPLICATION tolerant plants. 

5 

This application claims priority of U.S. Provisional Appli- SUMMARY 
cation No. 61/370,351, filed on Aug. 3, 2010. The prior appli 
cation is incorporated herein by reference in its entirety. This invention relates to using transgenic technology to 

generate cold-tolerant plants. 
BACKGROUND Accordingly, one aspect of this invention features a trans 

genic plant having a cell that has a MYBS3 gene expression 
Various plants, including most important food crops, are level that is higher than a wild type MYBS3 protein level. 

not tolerant to cold. For example, rice seedlings are particu- Listed below is polypeptide sequence (SEQID NO: 1) and the 
larly sensitive to chilling in early spring in temperate and nucleic acid sequence (SEQID NO: 2) of rice OsMybS3: 

ATCGATCGATCGATCTCCATAGGTGGGGGAAGGGAAGCTTTGGAAGGTGGAGGGACGGAG (SEQ ID NO: 1) 
61. GGGGGGATGACGAGGCGGTGCTCGCACTGCAGCCACAACGGGCACAACTCGCGGACGTGC 

M T R R C S H C S H. N. G. H. N S R T C 

121 CCCAACCGCGGGGTCAAGATCTTCGGGGTGCGCCT CACCGATGGCTCCATCCGCAAGAGC 
P N R. G. W. K. I. F. G W R L T D. G. S I R. K. S 

181 GCCAGCATGGGGAACCTCTCCCTCCTCTCCTCCGCCGCCGGATCCACCAGCGGCGGCGCC 
A. S. M. G. N. L S L L S S A. A. G. S T S G. G. A. 

241. TCCCCCGCCGACGGCCCCGACGCCGCCCCCACCGCCGCCGACGGCTACGCCTCCGACGAC 
S P A D G P D A A. P. T. A. A D G Y A. S D D 

3 O1 TTCGTCCAGGGCTTCTCCTCCGCCACCCGCGACCGCAAGAAGGGTGTTCCTTGGACTGAA 

F W Q G F S S A T R D R K K G W P W T E 

361 GAAGAACACCGGAGGTTTTTGCTTGGATTGCAAAAGCTTGGCAAAGGTGATTGGCGAGGA 

E E H R R F L L G L Q K. L. G. K. G. D. W. R. G 

421 ATCTCTCGTAATTTCGTGGTCTCAAGAACACCTACTCAAGTAGCCAGTCATGCTCAGAAA 
I S R N F V V S R T P T O V A. S. H. A. O. K. 

481 TATTTTATACGCCAATCCAATATGACCAGAAGGAAAAGAAGGTCTAGCCTTTTTGACATG 

Y F I R O S N M T R R K R R S S L F D M 

541 GTGCCAGATGAGTCTATGGACCTTCCACCACTTCCTGGAGGTCAAGAACCAGAGACCCAA 

V P D E S M D L P P L P G G O E P E T Q 

6O1 GTATTAAATCAACCAGCACTAC CTCCACCGAAGGAGGAAGAGGAGGTAGATTCTATGGAG 

W L N Q. P A L P P P K E E E E W D S M E 

661 TCAGATACTTCTGCCGTTGCAGAGAGCTCTTCCGCTTCTGCTATCATGCCAGATAATTTG 
S D T S A. W. A. E S S S A S A. I. M. P. D. N. L. 

721. CAGTCGACCTATCCAGTGATTGTTCCAGCTTATTTCTCGCCCTTTTTGCAATTCTCGGTT 

Q S T Y P W I V P A Y F S P F L Q F S V 

781 CCTTTCTGGCAAAATCAGAAAGATGAAGATGGTCCTGTGCAAGAAACACATGAGATTGTC 

P F W Q N Q. K D E D G P V C E T H E I V 

841 AAGCCTGTTCCAGTTCATTCAAAGAGCCCAATCAACGTTGATGAGCTTGTTGGCATGTCG 
K P W P W H S K S P I N W D E L W G M S 

901 AAGCTCAGCATAGGAGAGTCCAATCAAGAGACAGAGTCTACTTCTCTTTCATTAAATCTG 

K L S I G E S N Q E T E S T S L S L N L 

961 GTAGGAGGT CAAAATAGACAATCAGCTTTCCATGCAAATCCACCAACAAGGGCACAGGCA 

W G G O N R Q S A F H A N P P T R A Q. A 

1021. TGATCTGGTTGTGCACACAACTGCATTTAGATGAATCCCAGGCAAAATAAGCTTTGCCTC 

1081. CTTGTTTTTTTGTTTTTATTTTAAGATTAACCGTTCTCCGTAGTCTGTATCATGTGCTGT (SEQ ID No. 2) 

1141 AAGTTATGCTATGTATGAATGTATCTGTTGTTTGTCTGGCACACATGATAAATCACTCTA 

12O1 TGTTAACAAAATCAGTAATGGTAGTGCTGATCTTCGTGGTTGTACTGTTGTAAACTCTTT 

1261 TATAAGAAAAAAAAATATTAGTTAGTC 

In the above-described transgenic plant, the MYBS3 gene 6s (SEQID NO: 1). For example, the MYBS3 gene can be a rice 
encodes a polypeptide that is at least 40%, e.g., 50, 60, 70, 80. MYBS3 gene or its homologues, such as those from other 
85,90, 95, 98.99, or 100% identical to rice MYBS3 protein plants (e.g., maize, wheat, barley, Sorghum, Sugarcane, turf 
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- Continued 
> chir2. CMOO28.23 O. nd (Protein) 

(SEQ ID NO : 
MSRTCSOCGNNGHNSRTCTDTAAAGDNGIMLFGWRLTEGSTSSSAFIRKSASMNNLSOYNEPESN 

PADAAGYASDDVVHPSARARDRKRGVPWTEEEHKLFLLGLHKVGKGDWRGISRNFVKTRTPTOVA 

SHAOKYFLRRHNHNRRRRRSSLFDITTDTVMESSTIMEEEODOOEMVPPATSAVYPPLHYGGFHG 

PAFPMALSPWWLPWAGGERPARPIRPTPIFPWPPSSKMASLNLKEKAASPSPSSPFEPLPLSLKL 

OPSPPPSKDHSPATSSHSSPSSPSSSSSFOAMSAGKFSGGGDSIISVA 

As shown below, SEQID NOs: 44, 46, 48,..., and 66 share 
at least 44% homology with SEQID NO: 1. Also see FIG. 5 
for a multiple protein sequence alignment. 

15 

Identities Positives 
No. Species Gene ID (%) (%) 

1 Arabidopsis AT5G47390 56 66 2O 
thaiana 

2 Arabidopsis AT3G16350 45 55 
thaiana 

3 Zea May GRMZM2GO34110 TO1 86 90 
4 Zea May GRMZM2G020934 TO1 62 69 
5 Sorghum. SbO1g029020.1 87 90 25 

bicolor 
(Sorghum) 

6 Sorghum SbO3g003270.1 44 56 
bicolor 
(Sorghum) 

7 Glycine Glyma17g 15330.1 61 72 30 
ii. 

(Soybean) 
8 Glycine Glyma.05g.0495.0.1 58 71 

ii. 

(Soybean) 
9 iiis GSWIVTOOO1347SOO1 62 71 35 

vinifera 
(Wine 
Grape) 

10 iiis GSWIVTOOO12218OO1 62 71 
vinifera 
(Wine 40 
Grape) 

OSDREB1A 

66) 

-continued 

Identities Positives 
No. Species Gene ID (%) (%) 

11 Lotus LT37H17.80.nd 59 71 
japonicus 
(Lotus) 

12 Lotus chr2.CM0028.230.nd 57 68 
japonicus 
(Lotus) 

As used herein, "percent homology of two sequences is 
determined using the algorithm described in Karlin and Atts 
chul, Proc, Natl. Acad. Sci. USA 87:2264-2268, 1990, modi 
fied as described in Karlin and Altschul, Proc, Natl. Acad. Sci. 
USA 90:5873-5877, 1993. Such an algorithm is incorporated 
into the NBLAST and XBLAST programs of Altschul et al., 
J Mol. Biol. 215:403-410, 1990. BLAST protein searches are 
performed with the XBLAST program, score-50, 
wordlength 3, to obtain amino acid sequences homologous 
to a reference polypeptide. To obtain gapped alignments for 
comparison purposes, Gapped BLAST is utilized as 
described in Altschulet al., Nucleic Acids Res. 25:3389-3402, 
1997. When utilizing the BLAST and Gapped BLAST pro 
grams, the default parameters of the respective programs 
(e.g., XBLAST and NBLAST) are used. See the NCBI web 
site at ncbi.nlm.nih.gov. 

In a preferred embodiment, the cell also has a DREB1 gene 
expression level that is higher than a wild type DREB1 pro 
tein level so that the plant over-expresses both MYBS3 and 
DREB1. Listed below are cDNA and protein sequences of 
DREB1A, 1B, 1C, and 1D. 

(dehydration-responsive element-binding protein 
1A) LOC OSO9g35.030 
CDS s12009 mo6503 

(SEQ ID NO : 3) 
ATGTGCGGGATCAAGCAGGAGATGAGCGGCGAGTCGTCGGGGTCGCCGTGCAGCTCGGCG 

TCGGCGGAGCGGCAGCACCAGACGGTGTGGACGGCGCCGCCGAAGAGGCCGGCGGGGCGG 

ACCAAGTTCAGGGAGACGAGGCACCCGGTGTTCCGCGGCGTGCGGCGGAGGGGCAATGCC 

GGGAGGTGGGTGTGCGAGGTGCGGGTGCCCGGGCGGCGCGGCTGCAGGCTCTGGCTCGGC 

ACGTTCGACACCGCCGAGGGCGCGGCGCGCGCGCACGACGCCGCCATGCTCGCCATCAAC 

GCCGGCGGCGGCGGCGGCGGGGGAGCATGCTGCCTCAACTTCGCCGACTCCGCGTGGCTC 

CTCGCCGTGCCGCGCTCCTACCGCACCCTCGCCGACGTCCGCCACGCCGTCGCCGAGGCC 

GTCGAGGACTTCTTCCGGCGCCGCCTCGCCGACGACGCGCTGTCCGCCACGTCGTCGTCC 

TCGACGACGCCGTCCACCCCACGCACCGACGACGACGAGGAGTCCGCCGCCACCGACGGC 

GACGAGTCCTCCTCCCCGGCCAGCGACCTGGCGTTCGAACTGGACGTCCTGAGTGACATG 

GGCTGGGACCTGTACTACGCGAGCTTGGCGCAGGGGATGCTCATGGAGCCACCATCGGCG 

GCGCTCGGCGACGACGGTGACGCCATCCTCGCCGACGTCCCACTCTGGAGCTACTAG 
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OsDREB1D (dehydration-responsive element-binding protein 
1D) LOC OsO6g06970 
CDS s131 O6 mOO721 

(SEO ID NO: 9) 
ATGGAGAAGAACACCGCCGCCAGCGGGCAATTGATGACCTCCTCCGCGGAGGCGACGCCG 

TCGTCGCCGAAGCGGCCGGCGGGGCGAACCAAGTTCCAGGAGACGAGGCACCTAGTGTTC 

CGTGGGGTGCGATGGCGTGGGTGCGCGGGGCGGTGGGTGTGCAAGGTGCGTGTCCCGGGC 

AGCCGCGGTGACCGTTTCTGGATAGGCACGTCTGACACCGCCGAGGAGACCGCGCGCACG 

CACGACGCCGCCATGCTCGCCTTGTGCGGGGCCTCCGCCAGCCTCAACTTCGCCGACTCT 

GCCTGGCTGCTCCACGTCCCGCGCGCCCCCGTCGTCTCCGGACTCCGGCCACCAGCTGCC 

CGATGTGCAACGCGCTGCCTGCAAGGCCATCGCCGAGTTCCAGCGCCGGGCCGGGGGAGC 

ACCGCCACTGCCACTGCCACCTCCGGCGATGCTGCATCGACCGCTCCTCCGTCGGCACCC 

GTTCTGTCAGCCAAACAATGCGAATTCATCTTTCTTTCTTCACTAGATTGTTGGATGTTA 

ATGTCAAAGCTTATCAGCAGTAGCAGAGCAAAAGGATCGTTGTGCCTGCGAAAAAATCCC 

ATTTCATTTTGCATGGTTACAAATTCTTACACTGCTCTTTTGCTCGAATACATTATATTG 

CAGATGAATTCAATGATCGTTTTAATCCACGAATTATCAAAATATCAAGTCTTTCTGCTA 

CTAACCATGATAACACACCACCTTTTTCAATGGAGGAGGTAG 

Protein >13106.m.00721 
(SEQ ID NO : 10) 

MEKNTAASGOLMTSSAEATPSSPKRPAGRTKFOETRHLVFRGWRWRGCAGRWWCKVRVPG 

SRGDRFWIGTSDTAEETARTHDAAMLALCGASASLNFADSAWLLHWPRAPWWSGLRPPAA 

RCATRCLOGHRRVPAPGRGSTATATATSGDAASTAPPSAPWLSAKOCEFIFLSSLDCWML 

MSKLISSSRAKGSLCLRKNPISFCMVTNSYTALLLEYIILOMNSMIVLIHELSKYOVFLL 

LTMITHHLFOWRR* 

The above-mentioned level of wild type MYBS3 or 
DREB1 protein can be the MYBS3 or DREB1 gene expres 
sion level in a wild type cell of a wild type plant. To achieve 
this overexpression, the genes can be under the control of " 
native, constitutive, tissue-specific, developmental stage-spe 
cific, or other inducible promoters. 
The above-described transgenic plant can be rice, maize, 

wheat, barley, Sorghum, Sugarcane, turf grass, Miscanthus, 
Switchgrass, soybean, canola, potato, tomato, bean, pea, or 
jatropha. The transgenic plantis more tolerant to chill than the 
wild type plant. 

In a second aspect, the invention features a method of 
generating the above-described plant. The method includes 
steps of introducing into a cell of a plant a first nucleic acid 
that encodes a polypeptide containing the amino acid 
sequence of MYBS3 protein; and expressing the MYBS3 
protein in the cell. The level of the MYBS3 protein in the cell 
is higher than a wild type MYBS3 protein level. In one 
embodiment, the method further includes introducing into the 
cell of the plant a second nucleic acid that encodes a second 
polypeptide containing the amino acid sequence of DREB1 
protein; and expressing the DREB1 protein in the cell. The 
level of the DREB1 protein in the cell is higher than a wild 
type DREB1 protein level. 

In a third aspect, the invention features a method of iden 
tifying a plant that is tolerant to chill. The method can be 
carried out by obtaining a sample from a candidate plant, and 
determining the MYBS3 gene expression level in the sample. 
The candidate plant is determined to be tolerant to chill if the 
expression level is above a predetermined level. The prede 

45 

50 

55 

60 

65 

termined level is the level in a wild type plant. With this 
method, one can use MYBS3 as a marker for molecular 
breeding plants and selecting chill tolerant plants. 
The details of one or more embodiments of the invention 

are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows two constructs for respectively over-express 
ing and under-expressing MYBS3 in transgenic rice; namely, 
pSMY-MYBS3(Ox), an over-expression construct; and 
pSMY-MYBS3(Ri), an under-expression construct. P. 
Hgh, T. P. LB, and RB denote A1 promoter, hygromy OS 

cin phosphotransferase, nopalin synthase terminator, Ubi 
promoter, left border of T-DNA, and right border of T-DNA, 
respectively. 

FIG. 2 is a bar graph showing expression of MYBS3 and 
DREB1A in 10-day-old rice seedlings that were shifted from 
28° C. to 4° C. and incubated for 72 h. Total RNAS were 
isolated from seedlings and Subjected to quantitative real 
time RT-PCR analysis. The highest mRNA level was assigned 
a value of 100, and the mRNA levels of other samples were 
calculated relative to this value. The error bars indicate the SE 
of three replicates. 

FIG. 3 includes two photographs showing 10-day-old 
seedlings of wild type (WT) and lines S3(Ox)-1 10-1 and 
S3(Ri)-52-7 that were incubated at 4°C. for 8 h (A) or 24h 
(B). 
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FIG. 4 is a schematic flow chart for a proposed role of 
MYBS3 in cold stress tolerance in rice. 

FIG. 5 is a sequence alignment of thirteen MYB3 proteins, 
one from rice and two from each of Arabidopsis thaliana, Zea 
May, Sorghum, soybean, twine grape, and lotus. 

DETAILED DESCRIPTION 

This invention is based, at least in part, on the unexpected 
discoveries of that over-expression of MYBS3 in a plant 
increased the cold tolerance. 
MYBS3 is a single DNA-binding repeat (1R) MYB tran 

Scription factor previously shown to mediate Sugar signaling 
in rice. MYBS3 also plays a critical role in cold adaptation in 
rice. Gain- and loss-of-function analyses indicates that 
MYBS3 is sufficient and necessary for enhancing cold toler 
ance in rice. Transgenic rice constitutively over-expressing 
MYBS3 tolerates 4°C. for at least 1 week, and exhibits no 
yield penalty in normal field conditions. Transcription profil 
ing of transgenic rice over- or under-expressing MYBS3 lead 
to identification of many genes in the MYBS3-mediated cold 
signaling pathway. Several genes activated by MYBS3 as 
well as inducible by cold have previously been implicated in 
various abiotic stress response and/or tolerance in rice and 
other plant species. Surprisingly, MYBS3 represses the well 
known DREB1/CBF-dependent cold signaling pathway in 
rice, and the repression appears to act at the transcriptional 
level. DREB1 responds quickly and transiently while 
MYBS3 responds slowly to cold stress, which suggests dis 
tinct pathways act sequentially and complementarily for 
adapting short- and long-term cold stress in rice. This novel 
pathway, which controls cold adaptation in rice as well as 
other plants, forms the basis for this invention. 
A transgenic plant described in the invention can be gen 

erated by introducing into the plant or a part thereof an 
expression construct comprising a DNA sequence encoding a 
MYB3 protein, a DREB1 protein, or both. Expression con 
structs are provided by the present invention for the stable 
transformation of plants with a gene encoding a MYB3 pro 
tein, a DREB1 protein, or both. These constructs comprise a 
DNA sequence encoding a MYB3 protein or a DREB1 pro 
tein which is operably linked to regulatory sequences which 
are capable of directing the expression of a MYB3 protein, a 
DREB1 protein, or both. These regulatory sequences may 
also include sequences capable of directing transcription in 
plants, either constitutively, or stage and/or tissue specific, 
depending on the use of the plant or parts thereof. The expres 
sion constructs provided may be inserted into a vector, pref 
erably a plasmid, used in bacteria-mediated transformation of 
the selected plant host. The expression construct is then pref 
erably integrated into the genome of the plant host. 
A transgene is a nucleic acid sequence (encoding, e.g., one 

or more Subject polypeptides), which is partly or entirely 
heterologous to a plant cell into which it is introduced, or, is 
homologous to an endogenous gene of the plant or cell into 
which it is introduced but is intended to be inserted into the 
plant genome in Such a way as to alter the genome (e.g., it is 
inserted at a location which differs from that of the natural 
gene or its insertion results in a knockout). A transgene can 
include one or more operably linked transcriptional regula 
tory sequences (e.g., an enhancer sequence) and any other 
nucleic acid, Such as an intron, that may be necessary for 
optimal expression of a nucleic acid of interest. 
A “transformed and “transgenic cell refer to a host cell or 

organism into which a heterologous nucleic acid molecule 
has been introduced. The nucleic acid molecule can be stably 
integrated into the genome generally known in the art. 
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24 
Accordingly, a transgenic cell is a cell containing a transgene. 
A transgenic plant is any plant in which one or more, or all, of 
the cells of the plant include a transgene. The transgene can be 
introduced into the cell by introduction into a precursor cell 
by way of deliberate genetic manipulation, such as by T-DNA 
mediated transfer, electroporation, or protoplast transforma 
tion. The transgene may be integrated within a chromosome, 
or it may be an extrachromosomally replicating DNA. 
The term "heterologous' refers to portions of a nucleic acid 

and indicates that the nucleic acid comprises two or more 
Subsequences that are not found in the same relationship to 
each other in nature. For instance, a nucleic acid that is recom 
binantly produced typically has two or more sequences from 
unrelated genes synthetically arranged to make a new func 
tional nucleic acid, e.g., a promoter from one source and a 
coding region from another source. The two nucleic acids are 
thus heterologous to each other in this context. When added to 
a cell, the recombinant nucleic acids would also be heterolo 
gous to the endogenous genes of the cell. Thus, in a chromo 
Some, a heterologous nucleic acid would include a non-native 
(non-naturally occurring) nucleic acid that has integrated into 
the chromosome, or a non-native (non-naturally occurring) 
extra-chromosomal nucleic acid. In contrast, a naturally 
translocated piece of chromosome would not be considered 
heterologous in the context of this patent application, as it 
comprises an endogenous nucleic acid sequence that is native 
to the mutated cell. A heterologous nucleic acid, gene, or 
protein can be one that originates from a foreign species, or, 
if from the same species, is substantially modified from its 
original form. For example, a maize ubiquitin (Ubi) promoter 
operably linked to a nucleic acid sequence encoding a rice 
MYB3 protein is one form of a sequence heterologous to rice. 
If a promoter and a coding sequence are from the same spe 
cies, one or both of them can be substantially modified from 
their original forms. 

Rice is one of the most important food crops in the world, 
and increases in rice yield could significantly ease the pres 
sure on world food production. Rice is also a powerful model 
for functional genomics study for dissecting genetic networks 
of stress responses in cereal crops. Low temperatures are one 
of the major environmental stresses that adversely affectrice 
productivity in temperate and Subtropical Zones and in high 
elevation areas. Rice seedlings are particularly sensitive to 
chilling in early spring in these areas, leading to slow seedling 
development, yellowing, withering, reduced tillering and 
stunted growth (Andaya, et al., 2003, J Exp Bot 54: 2579 
2585). Rice cannot be grown in approximately 7,000,000 
hectares of land in South and South-east Asia due to cold stress 
(Sthapit, et al., 1998, CropSci 38: 660-665); in temperate 
regions such as California (USA), cold is an important stress 
that results in delayed heading and yield reduction due to 
spikelet sterility (Peterson, et al., 1974, California Agricul 
ture, 28(7), 12-14). Thus, improvement of chilling tolerance 
may significantly increase rice production. 

Plants respond and adapt to cold stress at the molecular and 
cellular levels as well as induce an array of biochemical and 
physiological alterations that enable them to survive (Bohnert 
et al., 1995, Cell 7: 1099-1111; and Browse, et al., 2001, Curr 
Opin Plant Biol 4:241-246). Under cold stress, the expression 
of many genes is induced in various plant species (Hughes, et 
al., 1996, J Exp Bot 47: 291; and Thomashow, 1999, Annu 
Rev Plant Physiol Plant Mol Biol 50: 571-59), and the prod 
ucts of these genes function not only in adaptations promot 
ing stress tolerance, e.g., biosynthesis of osmotica (Chen, et 
al., 2002, Curr Opin Plant Biol 5: 250-257; and Taji, et al., 
2002, Plant J 29: 417-426), generation of antioxidants 
(Prasad, et al., 1994, Plant Cell 6: 65-74), and increased 
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membrane fluidity (Murata and Los, 1997, Plant Physiol 115: 
875-879; and Orvar, et al., 2000, Plant J23: 785-794), but also 
in the regulation of gene expression and signaling transduc 
tion in stress responses, e.g., transcription factors and pro 
teins involved in RNA processing and nuclear export 
(Yamaguchi-Shinozaki, et al., 2006, Annu Rev Plant Biol 57: 
781-803; and Chinnusamy, et al., 2007, Trends Plant Sci 12: 
444-451). Deciphering the mechanisms by which plants per 
ceive and transmit cold signals to cellular machinery to acti 
vate adaptive responses is of critical importance for develop 
ing breeding strategies to enhance cold stress tolerance in 
crops. 

In Arabidopsis and rice, the CBF/DREB1-dependent cold 
response pathway has been shown to play a predominant role 
in freezing-tolerance through the process of cold acclimation 
(Thomashow, 1999, Annu Rev Plant Physiol Plant Mol Biol 
50: 571-59; Yamaguchi-Shinozaki, et al., 2006, Annu Rev 
Plant Biol 57: 781-803; and Chinnusamy, et al., 2007, Trends 
Plant Sci 12: 444-451). The DREB1/CBF family, including 
DREB1A/CBF3, DREB1B/CBF1, and DREB1C/CBF2, are 
able to bind to and activate the cis-acting elements DRE 
(dehydration-responsive element) (Yamaguchi-Shinozaki, et 
al., 1994, Plant Cell 6:251-264; and Stockinger, et al., 1997, 
Proc Natl Acad Sci USA 94: 1035-104) or CRT (C-repeat) 
(Baker, et al., 1994, Plant Mol Biol 24: 701-713) on promot 
ers of several cold-responsive genes (CORs) (Gilmour, et al., 
1998, Plant J 16: 433-442; Jaglo-Ottosen, et al., 1998, Sci 
ence 280: 104-106; Liu, et al., 1998, Plant Cell 10: 1391 
1406; Medina, et al., 1999, Plant Physiol 119: 463-470). 

Rice DREB1A and DREB1B are induced by cold stress, 
and constitutive over-expression of these genes leads to 
induction of stress-responsive genes, increased tolerance to 
high-salt and cold, and growth retardation under normal con 
ditions in transgenic Arabidopsis and rice (Dubouzet, et al., 
2003, Plant J 33: 751-763; and Ito, et al., 2006, Plant Cell 
Physiol 47: 141-153), indicating the evolutionary conserva 
tion of the DREB1/CBF cold-responsive pathway in mono 
cots and dicots. However, in comparison to Arabidopsis and 
other cereals like wheat and barley that cold acclimate (Wen, 
et al., 2002, Plant Physiol 129: 1880-1891), rice does not 
undergo acclimation process and is more sensitive to low 
temperature exposures. Microarray analysis demonstrated 
the existence of 22 cold-regulated genes in rice, which have 
not been reported in Arabidopsis (Rabbani, et al., 2003, Plant 
Physiol 133: 1755-1767). These studies also indicate that 
plant species vary in their abilities to adapt to cold stress. 

Other rice proteins have also been shown to be involved in 
cold tolerance. For example, a zinc-fingerproteiniSAP1 con 
fers cold, dehydration, and salt tolerance in transgenic 
tobacco (Mukhopadhyay, et al., 2004, Proc Natl Acad Sci 
USA 101: 6309-6314); the rice MYB4 transcription factor 
confers chilling and freezing tolerances by enhancing the 
COR gene expression and proline accumulation in Arabidop 
sis (Vannini, et al., 2004, Plant J 37: 115-127), and improves 
cold and drought tolerances by accumulating osmolyte in 
transgenic apples (Pasquali, et al., 2008, Plant Cell Rep. 27: 
1677-1686). Overexpression of the rice cold-, drought, and 
salt-inducible MYB3R-2 (an R1R2R3 MYB) gene enhances 
cold, drought, and salt tolerance by regulating some stress 
responsive genes involved in the CBF-dependent or CBF 
independent pathways in Arabidopsis (Dai, et al., 2007, Plant 
Physiol 143: 1739-1751; and Ma, et al., 2009, Plant Physiol 
150: 244-256). 
The expression of DREB1 is subjected to regulation by 

several factors. For example, it is affected by members in the 
same DREB1 family. The Arabidopsis cbf2 mutant, in which 
CBF2/DREB 1 C is disrupted, shows higher freezing, dehy 
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dration and salt tolerance than the wild-type plant, indicating 
that DREB1C/CBF2 acts as a repressor of CBF1/DREB1B 
and CBF3/DREB1A expression (Novillo, et al., 2004, Proc 
Natl Acad Sci USA 101: 3985-3990). The expression of 
DREB1/CBF is activated by Inducer of CBF Expression 1, 
ICE 1 (a MYC-like basic helix-loop-helix-type transcription 
factor) (Chinnusamy, et al., 2003, Genes Dev 17: 1043-1054), 
CAX1 (a Ca"/H" transporter) (Catala, et al., 2003, Plant Cell 
15:2940-2951), CBL1 (a Ca" sensor) (Albrecht, et al., 2003, 
Plant J36: 457-470), and LOS4 (a DEAD-box RNA helicase) 
(Gong, et al., 2002, Proc Natl Acad Sci USA 99: 11507 
11512), and repressed by FRY2 (a transcription factor) 
(Xiong, et al., 2002, Proc Natl Acad Sci USA99: 10899 
1090), HOS1 (a putative RING finger E3 ligase) (Lee, et al., 
2001, Genes Dev 15: 912-924), and ZAT12 (a CH2 zinc 
finger transcription factor) (Vogel, et al., 2005, Plant J 41: 
195-211), during cold acclimation in Arabidopsis. The 
mechanism by which these factors affect the expression of 
CBF/DREB1 is not clear. 

Previously, three MYB transcription factors, MYBS1, 
MYBS2, and MYBS3 each with a single DNA binding 
domain (1R MYB), were identified in rice and shown to bind 
specifically to the TA box (TATCCA) in the sugar response 
complex (SRC) of C-amylase gene (CAmy3) promoter (Lu, 
et al., 2002, Plant Cell 14: 1963-1980). MYBS1 and MYBS2 
transactivate, while MYBS3 represses, the sugar starvation 
inducible CAmy3 SRC activity in rice (Lu, et al., 2002, Plant 
Cell 14: 1963-1980). The rice MYBS3 homologue in Arabi 
dopsis (AGI code: AtSg47390) is activated by ABA, CdCl2 
and NaCl (Yanhui, et al., 2006, Plant Mol Biol 60: 107-124). 
It is unexpected that the expression of MYBS3 is induced by 
cold. By both gain- and loss-of-function analyses, MYBS3 is 
shown essential for cold stress tolerance in rice. Transcription 
profiling of transgenic rice over- or under-expressing 
MYBS3 led to identification of genes that are activated or 
repressed by MYBS3 and play diverse functions. The 
DREB1-dependent cold response signaling pathway is 
among those repressed by MYBS3 in rice. This finding Sug 
gests that the DREB1- and MYBS3-dependent pathways may 
complement each other and act sequentially to adapt to imme 
diate and persistent cold stress in rice. 
The specific examples below are to be construed as merely 

illustrative, and not limitative of the remainder of the disclo 
sure in any way whatsoever. Without further elaboration, it is 
believed that one skilled in the art can, based on the descrip 
tion herein, utilize the present invention to its fullest extent. 
All publications cited herein are hereby incorporated by ref 
erence in their entirety. Further, any mechanism proposed 
below does not in any way restrict the scope of the claimed 
invention. 

EXAMPLE 

Materials and Methods 
Plant Materials 
The rice cultivar Oryza sativa L. cv. Tainung 67 was used in 

this study. Induction of rice calli was performed as described 
(Yu, et al., 1991, J Biol Chem 266: 21131-21137). For hydro 
ponic culture of rice seedlings, seeds were sterilized with 3% 
NaOCl for 30 min, washed extensively with distilled water, 
and germinated in Petridishes with wetted filter papers at 37° 
C. in the dark. After 48 h incubation, germinated seeds were 
cultivated in a half-strength Kimura B solution containing the 
following macronutrients: (NH4)2SO4 (0.18 mM), KNO 
(0.09 mM), MgSO (0.27 mM), KHPO (0.09 mM), and 
Ca(NO) (0.18 mM), and micronutrients: Fe-citrate (0.03 
uM), HBO, (2.5 M), MnSOHO (0.2 uM), ZnSO.7HO 
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of GFP in plDEST-GFP through the GATEWAY lambda 
recombination system, generating p1302-MYBS3-GFP. The 
2.5-kb MYBS3 promoter fragment (upstream of ATG) was 
PCR synthesized and used for replacement of the Ubi pro 
moter inpDEST-GFP generating the Ubi:MYBS3-GFP con 
Struct. 

For generating constructs used for the embryo transient 
expression assay, the 1054-bp DREB1A and 747-bp 
DREB1B promoters (upstream of ATG) were PCR-synthe 
sized and fused upstream of Luc cDNA in pluc (Lu, et al., 
1998, J Biol Chem 273: 10120-10131). Plasmid p3Luc.18 
contains CAmy3 SRC (-186 to -82 upstream of the transcrip 
tion start site) fused to the CaMV35S minimal promoter-Adh 
intron-Luc fusion gene (Lu, et al., 1998, J Biol Chem 273: 
10120-10131). 

For generating constructs used for rice transformation, 
plasmid pBS-MYBS3 (Lu, et al., 2002, Plant Cell 14: 1963 
1980) containing the Ubi promoter fused upstream of 
MYBS3 cDNA was linearized with EcoRI and inserted into 
the binary vector pSMY1H (Ho, et al., 2000, Plant Physiol 
122:57-66), generating pSMY-MYBS3 (FIG. 1). To make 
the MYBS3 RNA interference construct, a 227-bp sequence 
derived from the 3'UTR of MYBS3 cDNA was synthesized 
by PCR, fused in antisense and sense orientations flanking the 
750-bp GFP cDNA. This MYBS3 RNAi fragment was used 
to replace the MYBS3 cDNA in pubi-MYBS3, generating 
pUbi-MYBS3(Ri). pUbi-MYBS3(Ri) was linearized with 
EcoRI and inserted into the binary vector pSMY1H, gener 
ating pSMY-MYBS3(Ri) (FIG. 1). 
Rice Transformation 

Plasmids p1302-MYBS3-GFP. pSMY-MYBS3, pSMY 
MYBS3(Ri) as constructed above were introduced into Agro 
bacterium tumefaciens strain EHA101, and rice transforma 
tion was performed as described elsewhere (Ho, et al., 2000, 
Plant Physiol 122:57-66). 
RNA Extraction and Real-Time Quantitative RT-PCRAnaly 
S1S 

Total RNA was extracted from leaves of rice seedlings with 
Trizol reagent (Invitrogen) and treated with RNase-free 
DNase I (Promega, Madison, Wis.). Fourug of RNA was used 
for cDNA preparation with reverse transcriptase (Applied 
Biosystems, Foster City, Calif.), and cDNA was then diluted 
to 10 ng/ul. Five ul of cDNA was mixed with primers and the 
2x Power SYBR Green PCR MasterMix reagent, and applied 
to an ABI 7500 Fast Real-Time PCR System (Applied Bio 
systems). The quantitative variation between different 
samples was evaluated by the delta-delta CT method, and the 
amplification of 18S ribosomal RNA was used as an internal 
control to normalize all data. 
Subcellular Localization of MYBS3-GFP Fusion Protein 

Protoplasts were isolated from transformed calli as 
described (Lu, et al., 1998, J Biol Chem 273: 10120-10131). 
GFP expression was detected under a LSM510 confocal laser 
scanning microscope (Carl Zeiss) using a 40x objective lens 
and the confocal microscopy software Release 2.8 (Carl 
Zeiss). 
Stress Treatments 

Ten-day-old seedlings cultured in the half-strength Kimura 
B solution at 28°C. and with 16-hlight and 8-h dark cycle in 
a growth chamber were used for all stress treatments. Stress 
treatments areas follows: ABA, seedlings were transferred to 
a culture solution containing 20 uMABA; drought, seedlings 
were air-dried until 10% or 30% of fresh weight was lost; 
cold, seedlings were transferred to 4°C.; Salt, seedlings were 
transferred to a culture solution containing 200 mM NaCl; 
heat, seedlings were transferred to 45° C. 
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Microarray Analysis 

Total RNA was extracted from leaves of rice seedlings 
using the Qiagen RNeasy Plant Mini Kits (Qiagen, Valencia, 
Calif.) according to the Qiagen manual. RNA quality was 
examined by the Agilent 2100 bioanalyzer (Affymetrix, Palo 
Alto, Calif.), and biotinylated target RNA was prepared from 
total RNA. Samples were hybridized to the Affymetrix Rice 
GeneChip (Affymetrix, Santa Clara, Calif.) as described in 
the GeneChip Expression Analysis Technical Manual. Two 
biological replicates were performed for cold treated samples 
per time point. 
The hybridization signals were scanned with an Affyme 

trix GeneChip scanner 3000 7G, and the cell intensity (CEL) 
files were obtained from software Affymetrix GCOS version 
1.4 (Affymetrix). CEL files were loaded into GeneSpring GX 
9.0 (Agilent Technologies, Palo Alto, Calif.). Filtering tools 
in the GeneSpring Software were used to identify genes sig 
nificantly up-regulated and down-regulated between different 
chips. All genes up-regulated or down-regulated by over 
expression or under-expression of MYBS3 or by cold are 
listed in Tables S7-S11 of Su, et al. Plant Physiol. 2010; 
153(1): 145-58. 
Accession Number 
DREB1A (OsO9g35030); DREB1B (OsO9g.35010); 

DREB1C (Os06g03670); CAmy3/RAmy3D (Os08g,36910): 
Cytochrome P450 gene (OsO2.g47470); Glutamate decar 
boxylase gene (Os03g 13300); WRKY77 (Os01g,40260); 
Multidrug resistance protein 4 gene (Os01g,50100); Treha 
lose-6-phosphate phosphatase 1 gene (OS02.g44230); and 
Trehalose-6-phosphate phosphatase 2 gene (Os 10g40550). 
Results 
Expression of MYBS3 is Ubiquitous and Activated by Cold 
Stress 

Expression of MYBS3 was found to be ubiquitous in all 
tissues in 7-day-old seedlings and 3-month-old mature plants 
(including spike, stem, sheath, leaf, Senescent leaf, leaf in 
light, root in light, leaf in dark, and root in dark) and in 
suspension cells of rice cultured in media with or without 
sucrose for 2 days. The regulation of MYBS3 expression by 
various stresses was investigated by Subjecting 10-day-old 
rice seedlings to ABA (20M), drought (airdry), cold (4°C.), 
salt (200 mM NaCl), and heat (45°C.) treatments. The accu 
mulation of MYBS3 mRNA was induced by cold in roots and 
by cold and salt in shoots, but reduced by ABA in shoots. In 
10-day-old rice seedlings, the expression pattern of MYBS3 
and DREB1A under cold stress was further compared. The 
amount of MYBS3 mRNA was detectable at 28° C., and 
increased 5-fold at 4°C. after 72 h; in contrast, the accumu 
lation of DREB1A mRNA was barely detectable at 28°C., 
increased drastically after shifting to 4°C. and peaked at 6 h, 
but declined to one fifth after 72 h (FIG. 2). 
To determine whether MYBS3 is regulated by cold at the 

transcriptional level, the 2.5-kb MYBS3 promoter was fused 
to the reporter gene GFP encoding a green fluorescence pro 
tein and introduced into the rice genome. Ubi promoter fused 
to GFP was used as a control. Transgenic rice seedlings were 
grown at 4°C. Under the control of MYBS3 promoter, the 
accumulation of GFP mRNA was 2.5 times higher at 12 hand 
stayed high up to 24 h. In contrast, under the control of Ubi 
promoter, the accumulation of GFP mRNA decreased by 
nearly 50% at 6 h, and then stayed at similar levels up to 24 h. 
This result indicates that the MYBS3 promoter is activated by 
cold. 
MYBS3 is a transcriptional repressor of CAmy3 SRC in 

rice suspension cells (Lu, et al., 2002, Plant Cell 14: 1963 
1980). To determine whether MYBS3 is localized in nucleus, 
the Ubi promoter was fused to the MYBS3-GFP fusion DNA. 
The Ubi::MYBS3-GFP and Ubi::GFP constructs were intro 
duced into the rice genome. Protoplasts were isolated from 
transformed calli, incubated at 4°C. or 28°C., and examined. 
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Accumulation of MYBS3-GFP was detected mainly in the 
nucleus, whereas GFP alone was distributed throughout the 
cell except the vacuole, at both 4° C. and 28°C., Suggesting 
that MYBS3 is constitutively localized in the nucleus. 
MYBS3 is Sufficient and Necessary for Cold Tolerance in 
Rice 

Since MYBS3 was induced by cold, its role in cold toler 
ance in rice was explored by gain- and loss-of-function 
approaches. Constructs Ubi::MYBS3 and Ubi:MYBS3 
(RNAi) (RNA interference) (FIG.1) were introduced into the 
rice genome, and several transgenic lines were obtained. 
Compared to the untransformed wild type (WT) rice, the 
accumulation of MYBS3 mRNA was 62.5 and 19.4 times that 
of WT in MYBS3-overexpression MYBS3(Ox) lines 
S3(Ox)-110-1 and S3(Ox)-112-7, and 0.19 and 0.16 times 
that of WT in MYBS3-underexpression MYBS3(Ri) lines 
S3 (Ri)-42-10 and S3(Ri)-52-7. Each of these lines contained 
only one copy of inserted DNA. 

To test the cold tolerance of transgenic rice, seedlings were 
shifted from 28° C. to 4° C. MYBS3(OX) lines and WT 
remained normal while MYBS3(Ri) lines started to show leaf 
rolling at 4° C. after 8 h (FIG.3A), and both WT and MYBS3 
(Ri) lines showed leafrolling and wilting at 4°C. after 24h in 
hydroponic culture (FIG. 3B) or 1 week in soil. Seedlings 
seemed to be more sensitive to cold in hydroponic culture, 
probably due to weaker growth in hydroponic culture than in 
soil. Line S3(Ox)-110-1, which accumulated three times 
more MYBS3 mRNA than S3(Ox)-112-7, conferred higher 
cold tolerance than line S3(Ox)-112-7. Quantitative analysis 
also indicated that MYBS3(OX) lines were more cold tolerant 
than WT and MYBS3(Ri) lines, and WTs were more cold 
tolerant than MYBS3(Ri) lines (Table 2). These observations 
suggest that MYBS3 is sufficient and necessary for cold 
tolerance in rice, and the degree of cold tolerance correlates 
with the MYBS3 expression level. 

TABLE 2 

MYBS3(Ox) lines are more cold tolerant. 

No. of plants Total no. of 
Line Survived plants tested Survival rate (%) 

Wild type 3 30 1.O.O.O.O 
S3 (Ox)-110-1 18 21 85.71O.S 
S3 (Ox)-112-7 26 32 813 - 11.1 
S3 (Ri)-42-10 O 2O O.O. O.O 
S3 (Ri)-52-7 O 21 O.O. O.O 

*Number of plants survived after exposure to 4°C. for 24 h. Experiments were repeated 4 
r Five to eightplants per line were tested in each experiment. The survival rate is a mean 

The morphology of transgenic rice was similar to the WT. 
except undergreenhouse growth conditions, where plants of 
the MYBS3(Ox) lines were 20% shorter, had 30% lower tiller 
numbers, and headed 1 week later than the WT and MYBS3 
(Ri) line. However, in field conditions, most agronomic traits 
and yield of MYBS3(Ox) lines were similar to those of the 
WT (Table 3). 

TABLE 3 

Comparison of agronomic traits of a MYBS3(OX) line with 
wild type grown in field. 

Trait WT S3(Ox)-110-1 

Plant height (cm) 101.6 3.7* 95.SS.4 
Tiller number 12.3 2.5 19.5 6.8 
Panicle number?plant 12.92.9 19.O 6.1 
Panicle length (cm) 18.913 18.4 0.1 
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TABLE 3-continued 

Comparison of agronomic traits of a MYBS3(OX) line with 
wild type grown in field. 

Trait WT S3(Ox)-110-1 

Grain number?panicle 118.0 - 14.5 103.5 - 8.8 
Fertility (%) 95.7 1.2 93.8 - 1.7 
Grain yield (gplant) 41.7 - 11.0 45.4 15.9 
1000 Grains weight (g) 26.3 OS 24.30.4 

Twenty plants each of WT and line S3(Ox)-110-1 per repli 
cate, and with total of 3 replicates, were grown during Feb 
ruary to July, 2008. The value is a meant-SD. 
MYBS3 Regulates the Expression of Genes with Diverse 
Functions 
To identify downstream genes regulated by MYBS3 under 

cold stress, seedlings of S3(Ox)-110-1, S3(Ri)-52-7 and WT 
were grown at 4 and 28°C. for 24 h. Total RNAs were isolated 
for microarray analysis using the Affymetrix rice gene chip 
array containing 55,515 probe sets. Relative change was cal 
culated by comparing the data for MYBS3(OX) line or 
MYBS3(Ri) line against those for WT grown at 4°C. and 28° 
C., generating six comparisons. Only relative changes of 
3-fold or more were taken to be significantly different. Based 
ona Venn diagram analysis, 89 genes were up-regulated in the 
MYBS3(Ox) line (compared with WT) at either 4 or 28°C., 
and 1466 genes were up-regulated in WT at 4°C. (compared 
with 28°C.). Among these genes, 17 genes were up-regulated 
by over-expression of MYBS3 as well as up-regulated by cold 
in WT(Table S1 of Su, etal, Plant Physiol. 2010: 153(1):145 
58). On the other hand, 291 genes were down-regulated in the 
MYBS3(Ox) line (compared with WT) at either 4 or 28°C., 
and 871 genes were down-regulated in WT at 4°C. (com 
pared with 28°C.). Among these genes, 53 genes were down 
regulated by over-expression of MYBS3 as well as down 
regulated by cold in WT (Table S1 of Su, etal, Plant Physiol. 
2010: 153(1): 145-58). 

Another analysis revealed that 389 genes were up-regu 
lated in the MYBS3(Ri) line (compared with WT) at either 4 
or 28°C. Among these genes, 17 genes were up-regulated by 
under-expression of MYBS3 as well as up-regulated by cold 
in WT(Table S2 of Su, etal, Plant Physiol. 2010: 153(1):145 
58). On the other hand, 124 genes were down-regulated in the 
MYBS3(Ri) line (compared with WT) at either 4 or 28°C. 
Among these genes, 37 genes were down-regulated by over 
expression of MYBS3 as well as by cold in WT (Table S2 of 
Su, et al. Plant Physiol. 2010: 153(1): 145-58). 
The cold- and MYBS3-regulated genes seem to be 

involved in diverse functions, and many of them have also 
been shown to be regulated by drought and salt stresses 
(Tables S1 and S2 of Su, et al. Plant Physiol. 2010: 153(1): 
145-58). Among the 17 genes up-regulated by over-expres 
sion of MYBS3 as well as up-regulated by cold in WT, five 
genes that have also been shown to be up-regulated by 
drought (Table Si of Su, et al, Plant Physiol. 2010: 153(1): 
145-58) and cold (Jain, et al., 2007, Plant Physiol 143: 1467 
1483). Such as genes encoding glutamate decarboxylase, 
WRKY77, multidrug resistance protein 4, and trehalose-6- 
phosphate phosphatases (TPP1 and TPP2), were selected for 
further quantitative real-time RT-PCR analysis. The accumu 
lation of mRNA of all five genes was significantly increased 
in WT and further increased in the MYBS3(OX) line but 
reduced in the MYBS3(Ri) line at 4°C. (Table S3 of Su, etal, 
Plant Physiol. 2010; 153(1): 145-58), indicating that these 
genes are downstream of the MYBS3-mediated cold signal 
ing pathway. 
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MYBS3 Suppresses the DREB1-Dependent Pathway Under 
Prolonged Cold Stress 
We noticed that in the microarray analysis, the DREB1 

family, including DREB1A, DREB1B and DREB1C, and 
another two DREB1-like genes (ERF#025 and ERF#104) 
were up-regulated in WT at 4° C., but the induction was 
surprisingly reduced or abolished in the MYBS3(OX) line at 
4° C. To investigate how MYBS3 regulates DREB1 gene 
expression, the accumulation of mRNAs of three DREB1 
genes was further analyzed with the quantitative real-time 
RT-PCR analysis. Compared with WT, accumulation of 
MYBS3 mRNA increased significantly at 28° C. and was 
further induced 2-fold at 4°C. in the MYBS3(Ox) line. The 
accumulation of MYBS3 mRNA was reduced in the MYBS3 
(Ri) line at both 4 and 28°C. In contrast, the cold-induced 
DREB1A, DREB1B and DREB1C expression was signifi 
cantly suppressed in the MYBS3(Ox) line at 4° C. Further 
more, the cold inducibility of CAmy3/RAmy3D and a cyto 
chrome P450 gene, both members of the cold-inducible 
DREB1A regulon (Ito, et al., 2006, Plant Cell Physiol 47: 
141-153), were also significantly reduced in the MYBS3(Ox) 
line at 4°C. The accumulation of DREB1, CAmy3/RAmy3D 
and cytochrome P450 mRNAs were significantly higher in 
the MYBS3(Ri) line than in the MYBS3(Ox) line at 4°C., 
although levels did not reach to that in WT at 4°C. 
MYBS3 has been shown to repress CAmy3 SRC through 

the TA box (Lu, et al., 2002, Plant Cell 14: 1963-1980). 
Examination of promoter regions within 1 kb upstream of the 
translation start codon (ATG) revealed the presence ofTA box 
and/or its variants in DREB1 genes. To determine whether 
MYBS3 represses DREB1 promoters, a rice embryo transient 
expression assay was performed. Rice embryos were cotrans 
fected with the effector construct containing Ubi promoter 
fused to MYBS3 cDNA and the reporter construct containing 
DREB1A (1054 bp), DREB1B (747 bp) or CAmy3 SRC (105 
bp) promoter sequence fused to luciferase cDNA (Luc). Both 
DREB1 promoters were significantly induced at 4°C., but 
only the DREB1B promoter was repressed by over-expres 
sion of MYBS3 at 4°C. The CAmy3 SRC was repressed by 
over-expression of MYBS3 at both 4 and 28°C., consistent 
with the role of MYBS3 as a repressor of CAmy3 SRC (Lu, et 
al., 2002, Plant Cell 14: 1963-1980). These results indicate 
that MYBS3 could repress DREB1B promoter and CAmy3 
SRC at 4° C. 
Discussion 
A Novel MYBS3-Mediated Cold Signaling Pathway 

Both gain- and loss-of-function analyses demonstrated that 
the MYBS3-mediated pathway was essential for cold stress 
tolerance in rice. DREB1A responded early and transiently, 
which is consistent with previous reports in Arabidopsis and 
rice (Liu, et al., 1998, Plant Cell 10: 1391-1406; Shinwari, et 
al., 1998, Biochem Biophys Res Commun 250: 161-170: 
Dubouzet, et al., 2003, Plant J33: 751-763; and Vogel, et al., 
2005, Plant J41: 195-211), whereas MYBS3 responded rela 
tively slowly, to cold stress in rice (FIG. 4). The DREB1 
mediated process is most likely crucial in responding to short 
term cold stress (cold shock), and the MYBS3-mediated sys 
tem is more important for long-term adaptation to persistent 
cold stress. 

Transcriptome profiling analyses suggest that multiple 
cold response pathways existin Arabidopsis and rice (Fowler, 
et al., 2002, Plant Cell 14: 1675-1690; Vogel, et al., 2005, 
Plant J 41: 195-211; Cheng, et al., 2007, BMC Genomics 8: 
175; and Chinnusamy, et al., 2007, Trends Plant Sci 12: 
444-451). However, the MYBS3-mediated cold signaling 
pathway has never been observed previously. MYBS3 acts as 
a transcriptional repressor of CAmy3 SRC in the Sugar sig 
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naling pathway in rice (Lu, et al., 2002, Plant Cell 14: 1963 
1980), and is constitutively localized in the nucleus in cul 
tured rice Suspension cells. These studies indicate that 
MYBS3 may play multiple regulatory roles in plant growth in 
addition to cold response in rice. Consequently, gene expres 
sion in MYBS3(Ox) or MYBS3(Ri) line altered at 28°C. may 
not, whereas that altered at 4° C. may, be involved in cold 
response. 
The MYBS3-regulated genes encompass a wide range of 

functions. In the microarray analysis, among the 17 genes 
up-regulated for at least 3-fold by over-expression of MYBS3 
as well as by cold in WT, several of them have previously been 
implicated in stress responses and/or tolerance in plants 
(Table S1 of Su, et al. Plant Physiol. 2010: 153(1):145-58), 
Such as glutamate decarboxylase, which catalyzes the con 
version of glutamate to Y-aminobutyrate (GABA) and is acti 
vated in response to heat in Arabidopsis roots (Bouche et al., 
2004, Plant Mol Biol 55: 315-325) and to anoxia in rice roots 
(Aurisano, et al., 1995, Plant Cell Physiol. 36: 1525-1529); 
WRKY77, which activates the ABA-inducible HVA22 pro 
moter in cereal grains (Xie, et al., 2005, Plant Physiol 137: 
176-189) and several WRKYs have been shown to confer 
biotic and abiotic stress tolerance in Arabidopsis (Ross, et al., 
2007, J Integr Plant Biol 49: 827-842: Lai et al., 2008, BMC 
Plant Biol 8: 68; and Zhou et al., 2008, Plant Biotechnol J 6: 
486-503); multidrug resistance protein 4, whose expression is 
activated by arsenate and arsenite stresses in rice seedlings 
(Chakrabarty, et al., 2009, Chemosphere 74: 688-702) and its 
homologous genes confer salt tolerance (Lee, et al., 2004, 
Plant Physiol 134: 528-538) and oxidative stress tolerance 
against pathogens (Sun, et al., 2006, Plant Cell 18: 3686 
3705) in various plant species. 
TPPs are a group of genes worthwhile noting. Trehalose is 

a disaccharide Sugar widely distributed in bacteria, fungi, 
plants and invertebrate animals, and is produced from glucose 
by trehalose-6-phosphate synthase (TPS) and TPP, and serves 
as Sugar storage, metabolic regulator, and protectant again 
abiotic stresses (Strom, et al., 1993, Mol Microbiol 8: 205 
210; and Elbein, et al., 2003, Glycobiology 13: 17R-27R). 
Trehalose has been shown to stabilize dehydrated enzymes, 
proteins, and lipid membranes, as well as to protect biological 
structures from damage during desiccation (Elbein, et al., 
2003, Glycobiology 13: 17R-27R). TPP1 and TPP2 are two 
major TPP genes expressed in rice seedlings (Shima, et al., 
2007, Febs J274: 1192-1201). Their expression is induced by 
cold and other abiotic stresses (Pramanik, et al., 2005, Plant 
Mol Biol 58: 751-762; Shima, et al., 2007, Febs J 274: 1192 
1201; Ge, et al., 2008, Planta 228:191-201). Trehalose accu 
mulates rapidly and transiently, which follows the transient 
induction of TPP activity, in rice tissues during chilling stress 
(Pramanik, et al., 2005, Plant Mol Biol 58: 751–762). Over 
expression of TPS and TPP enhances accumulation of treha 
lose and tolerance to cold stress in transgenic tobacco and rice 
(Garg, et al., 2002, Proc Natl Acad Sci USA 99: 15898 
15903; Jang, et al., 2003 Plant Physiol 131: 516-524; Ge, et 
al., 2008, Planta 228:191-201; and Iordachescu, et al., 2008, 
J Integr Plant Biol 50: 1223-1229). However, the regulatory 
mechanism of TPPs by cold or other stresses is unclear. 
The accumulation of these MYBS3-activated genes were 

significantly increased in the MYBS3(OX) line and decreased 
in the MYBS3(Ri) line at 4° C. MYBS3 confers stress toler 
ance to transgenic rice through the activation of these genes 
whose products are involved either in the regulation of gene 
expression for cold adaptation or for protection of cells from 
chilling injury. 
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Complexity in Cold Regulation 
The temporal expression patterns and magnitudes of acti 

vation of DREB1A and MYBS3 expression by cold are quite 
different (FIG. 2). Several factors have been found to regulate 
the expression of DREB1/CBF as mentioned in the introduc 
tion, but the detailed information about the cold signaling 
pathways upstream of DREB1/CBF is rather limited. 
Recently, a calmodulin binding transcription factor 
(CAMTA) was found to bind to the conserved motif 2 (CM2) 
present in promoters (within 200 by upstream of ATG), and 
function as a positive regulator, of the rapidly cold-inducible 
CBF2 and ZAT12 transcription factors in Arabidopsis 
(Doherty, et al., 2009, Plant Cell 21: 972–984). CM2 is 
present in one copy in the MYBS3 promoter (-117 to -112 
upstream of ATG) (Table S4 of Su, etal, Plant Physiol. 2010; 
153(1): 145-58). For cold up-regulated but MYBS3 down 
regulated genes, CM2 is present in two copies each in 
DREB1B (-134 to -129 and -80 to -75) and CAmy3 (-158 
to -153 and -149 to -144) promoters; for cold up-regulated 
and MYBS3 up-regulated genes, CM2 is present in the 
glutamate decarboxylase (-54 to -49) and WRKY77 promot 
ers (-96 to -91) (Table S4 of Su, et al. Plant Physiol. 2010; 
153(1): 145-58). Some of other CMs shared by the Arabidop 
sis CBF2 and ZAT12 promoters (Doherty, et al., 2009, Plant 
Cell 21: 972–984) could also be found in DREB1B, 
DREB1C, CAmy3 and cytochrome P450 promoters (Table 
S4 of Su, et al. Plant Physiol. 2010: 153(1): 145-58), but the 
function of these cis-acting elements and the identify of their 
interacting transcription factors in cold signaling have not 
been determined (Doherty, et al., 2009, Plant Cell 21:972 
984). 
CMs 1-7 have been found in the Arabidopsis CBF2 pro 

moter (within 200 by upstream of ATG) (Doherty, et al., 2009, 
Plant Cell 21:972–984), however, only CM4 is present in the 
1-kb promoter region of DREB1 C (the rice CBF2 homolog), 
Suggesting that the mechanism of cold regulation on the 
DREB1/CBF family might have diverged throughout evolu 
tion. No CM is present in the 1-kb promoter region of 
DREB1A, indicating unidentified cis-acting element(s) could 
be responsible for cold induction of DREB1A. It appears that 
combinations of various cis-acting elements and interacting 
transcription factors constitute the quantitative and temporal 
regulation of the DREB1- and MYBS3-dependent cold sig 
naling cascades. 

It is also noticed that the DREB1A target sequence DRE 
(Ito, et al., 2006, Plant Cell Physiol 47: 141-153), is present in 
CAmy3 (-153 to -148) and cytochrome P450 (-605 to -600) 
promoters, and interestingly, it overlaps with the two CM2s in 
CAmy3 promoter. None of the 1-kb promoter regions of 
MYBS3-activated genes further characterized in this study 
contains DRE. 
How MYBS3 represses the expression of the DREB1 regu 

lon is unclear. The TA box has been shown to function in both 
sense and antisense orientations (Lu, et al., 1998, J Biol Chem 
273: 10120-10131). Promoters of the cold inducible but 
MYBS3 repressible genes, except cytochrome P450, contain 
TA box or its variants (Yu, 1999, Regulation of alpha-amylase 
gene expression. In K Shimamoto, ed., Molecular Biology of 
Rice, Springer-Verlag, Tokyo, pp 161-178; and Wang, et al., 
2007, Plant Mol Biol 63: 441-463) in sense or antisense 
orientation (Table S5 of Su, et al, Plant Physiol. 2010: 153 
(1): 145-58), which could be the target of repression by 
MYBS3. However, in the transient expression assay, the 747 
bp DREB1B promoter and 105-bp CAmy3 SRC, but not the 
1054-bp DREB1A promoter, were repressed by over-expres 
sion of MYBS3 at 4°C. One explanation is that the TA3 box 
(-625 to -620) in the 1054-bp DREB1A promoter did not 
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function as well as the TA2 box (-85 to -80) in the 747-bp 
DREB1B promoter and the TA1 box (the canonical TA box) 
(2 copies between -116 to -105) in the 105-bp CAmy3 SRC 
in the rice embryo transient expression assay. 
How MYBS3 activates the expression of downstream 

genes in the cold signaling pathway, by serving as a transcrip 
tional activator or repressing a transcriptional repressor, is 
unclear. However, except TPP2, other MYBS3 up-regulated 
genes also containTA box or its variants (Table S5 of Su, etal, 
Plant Physiol. 2010: 153(1): 145-58). Both MYBS1 and 
MYBS3 bind specifically to the TA box, however, MYBS1 
activates and MYBS3 represses C.Amy3 SRC under sugar 
starvation (Lu, et al., 2002, Plant Cell 14: 1963-1980). MYBs 
with one single DNA binding domain (1R MYB) have been 
proposed to bind DNA as a dimer, and MYBS1 does whereas 
MYBS3 doesn't form a homodimer (Lu, et al., 2002, Plant 
Cell 14: 1963-1980). Whether MYBS3 could be converted 
into an activator, by interacting with other 1 R MYB and 
forming a heterodimer or with other transcription factor(s), 
remains for further study. 

Taken together, above studies suggest the complexity of 
cold regulation in plants, which involves multiple cis-acting 
elements and transcription factors. Additionally, the regula 
tion of the MYBS3-dependent pathway differs from that of 
the DREB1- or ROS-mediated pathways in response to cold 
stress (Ito, et al., 2006, Plant Cell Physiol 47: 141-153: 
Cheng, et al., 2007, BMC Genomics 8:175), which suggests 
that MYBS3 defines a new signaling pathway mediating cold 
adaptation in rice. It appears that distinct regulatory pathways 
function in fine tuning the qualitative and quantitative gene 
expressions for short- and long-term cold adaptation in rice 
(FIG. 4). 
MYBS3 as a Tool for Improving Cold Stress Tolerance in 
Crops 
Compared with microbial TPP, the rice TPP has been 

shown to be rather unstable, which leads to low level accu 
mulation of trehalose in rice under normal growth conditions 
(Shima, et al., 2007, FebsJ274: 1192-1201). Although in WT 
plant, the expression of two rice TPPs is induced by cold, it 
peaks around 24 h and declined afterward at 4-6° C. (Pra 
manik, et al., 2005, Plant Mol Biol 58: 751-762; and Ge, et al., 
2008, Planta 228:191-201). The significant activation of TPP 
expression in the MYBS3(OX) line may increase the accu 
mulation of trehalose to levels high enough to confer cold 
tolerance in rice. 

In the MYBS3(Ri) line, the expression of three DREB1 
genes were 50-94% of the WT at 4° C., probably due to 
weaker growth and reduced cellular activities of plants under 
cold stress, as mentioned above that MYBS3 may play mul 
tiple regulatory roles in plant growth in addition to cold 
response in rice. However, it suggests that high-level DREB1 
expression is insufficient to sustain cold tolerance if the level 
of MYBS3 expression is too low to efficiently activate the 
TPP-mediated cold response pathway. Consequently, the 
sequential expression of DREB1 and MYBS3 provides rice 
two complementary mechanisms for conferring cold toler 
ance in rice, with the DREB1-mediated process mediates the 
immediate cold shock response and the MYBS3-mediated 
system adjusts the long-term cold adaptation in rice. The 
antithetical regulation of CAmy3 in rice seedlings by two 
different pathways is physiologically meaningful: the tran 
sient activation of CAmy3 expression by DREB1 allows 
hydrolysis of reserved starch for providing immediate need of 
carbon Source and energy to combat the cold shock, while the 
subsequent suppression of CAmy3 expression by MYBS3 
allows rice to conserve carbohydrates until re-growth is 
allowed at elevated temperatures. It would be interesting to 
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test whether stacking of these two systems, by over-expres 
sion of both DREB1 and MYBS3, could further enhance the 
cold tolerance in rice. 

Overexpression of proteins or enzymes associated with 
stress responses has been a common practice in improving 
stress tolerance of crop plants. However, constitutive overex 
pression of these proteins frequently leads to impaired plant 
growth or yield penalty. For example, though transgenic Ara 
bidopsis and rice constitutively overexpressing CBF/DREB1 
and a NAC6 transcription factor are highly tolerant to freez 
ing, the growth rates of these transgenic plants, however, are 
severely retarded under normal growth conditions (Jaglo 
Ottosen, et al., 1998, Science 280: 104-106; Liu, et al., 1998, 
Plant Cell 10: 1391-1406; Kasuga, et al., 1999, Nat Biotech 
nol 17: 287-291; Gilmour, et al., 2000, Plant Physiol 124: 
1854-1865; Ito, et al., 2006, Plant Cell Physiol 47: 141-153: 
and Nakashima et al., 2007, Plant J 51: 617-630). Using 
stress-inducible promoters for the expression of these tran 
Scription factors minimize their negative effects on plant 
growth (Kasuga, et al., 1999, Nat Biotechnol 17: 287-291; 
and Nakashima, et al., 2007, Plant J51: 617-630). Transgenic 
seedlings were able to withstand 4°C. for at least 1 week after 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 66 

<21 Oc 
<211 
<212> 

SEO ID NO 1 
LENGTH: 318 
TYPE PRT 

ORGANISM: Oryza sativa 

<4 OOs SEQUENCE: 1 

His Asn Met Thr Arg Arg His Ser 
1. 5 

Ser Gly 

Thir Wall Ile 
25 

Asn Phe Wall Cys Pro Gly Gly 

Ile 
35 

Ala Ser Met Asn Luell 
4 O 

Gly Ser Arg Ser Gly 
45 

Ala 
SO 

Ala Thir Ala Pro 
60 

Ser Ser 
55 

Ser Gly Ser Gly Gly 

Ala Ala Thir Ala 
70 

Ala Ala Asp Pro Ser 
65 

Asp Gly 

Gln Gly Phe Ser Ala Thr 
85 

Ser Arg Asp Arg 
90 

Thir Glu Glu Glu Phe Lieu. Lieu. Luell 
105 

His Arg Arg Gly 

Gly Ile Ser Asn. Phe Wall 
12O 

Asp 
115 

Trp Arg Gly Arg 

Thir 
13 O 

Glin Wall Ala Ala Glin Phe 
14 O 

His 
135 

Pro Ser 

Met Thir Lieu. Phe 
155 

ASn Ser Ser 
145 

Arg Llys 
15 O 

Arg Arg 

Glu Met Pro 
17 O 

Asp Ser Asp Lieu Pro Pro Lieu. 
1.65 

Gly Gly 

Thir Glin Wall Glin Ala Leu Pro Pro Pro 
185 

Luell Asn Pro 
18O 

Glu Val Asp Ser Met Glu Ser Thir Ser Ala Wall 
195 

Asp 
2 OO 

Ala 
210 

Ala Ile Met Glin Ser 
22 O 

Pro Asn Lieu. 
215 

Ser Ser Asp 

His 

Arg 

Ser 

Ala 

Asp 

Gly 

Glin 

Wall 
125 

Ile 

Asp 

Glin 

Ala 
2O5 

Thir 

10 

15 

ASn 

Tell 

38 
shifting from 28°C., which could significantly protect seed 
lings from chilling injury in rice fields in areas where are 
easily prone to transient temperature drops in early spring. 
Although the growth of MYBS3(OX) lines was affected to 
certain extent in the greenhouse, the growth and yield of line 
S3(Ox)-110-1 was normal in field (Table 3). In conclusion, 
MYBS3 can be used for the improvement of cold tolerance in 
rice and possibly other crop plants. 

Other Embodiments 

All of the features disclosed in this specification may be 
combined in any combination. Each feature disclosed in this 
specification may be replaced by an alternative feature serv 
ing the same, equivalent, or similar purpose. Thus, unless 
expressly stated otherwise, each feature disclosed is only an 
example of a generic series of equivalent or similar features. 
A number of embodiments of the invention have been 

described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, other embodiments 
are within the scope of the following claims. 

Ser 
15 

Arg 

Thir Asp 
3 O 

Tell 

Asp 

Asp 

Wall 

Lys 

Luell Ser 

Gly Pro 

Phe Wall 

Pro 
95 

Trp 

Lieu. Gly 
110 

Ser 

Arg 

Met 

Glu 

Glu 

Arg Thr 

Glin Ser 

Wall Pro 
16 O 

Pro Glu 
17s 

Glu Glu 
190 

Glu 

Tyr 

Ser Ser 

Pro Wall 









< 4 OOs 

SEO ID NO 7 
LENGTH: 645 
TYPE: DNA 

ORGANISM: Oryza 

SEQUENCE: 7 

atggagtact acgagcagga 

gcggggagga CCaagttcag 

citcggcacct tcgccaccgc 

ccggccaccc ticgccacc cc 

agctacgact acgcgtacta 

gcc.ggcggct acggcggcgg 

<210s, SEQ ID NO 8 
&211s LENGTH: 214 
212. TYPE: PRT 

<213> ORGANISM: Oryza 

<4 OOs, SEQUENCE: 8 

Met Glu Tyr Tyr Glu Gl 
1. 

Pro 

Wall 

Glu 

Ala 
65 

Lell 

Lell 

Ala 

Ala 

Pro 

145 

Ser 

Met 

Wall 

Wall 
SO 

Thir 

Arg 

Arg 

Ala 

Ala 
13 O 

Ala 

Asp 

Thir 
21 O 

Arg Pro Ala Gl 
2O 

Arg Gly Val Air 
35 

Arg Glu Pro As 

Ala Glu Ala A 

Gly Arg Gly. A 
85 

Val Asp Pro A. 
1OO 

Ile Glu Lieu. A 
115 

Ser Ser Ser A. 

Met Met Met G 

45 

sativa 

ggagtacgc.g 

ggaga.cgagg 

gtgcgaggto 

cgaggcc.gc.c 

CCt Caact to 

cgacgacatc 

cgc.cgc.cgc.c 

gatgatgcag 

cggcaa.catg 

gtaccagagc 

cgacgtcaca 

sativa 

in Glu Glu 

y Arg Thr 

g Arg Arg 
4 O 

in Llys Llys 
55 

a Ala Arg 

a Cys Lieu. 

a Thir Lieu. 

a Glu Ser 
12 O 

a Ala Ala 
135 

in Tyr Glin 

Asp Tyr Ala Tyr Tyr Gly 
1.65 

Tyr Asp Gly Me 
18O 

Gly Asp Asp As 
195 

t Gly Gly 

p Gly Gly 
2OO 

Leu Trp Ser Tyr 

acggtgacgt. 

Caccc.ggtgt 

agggagcc.ca 

gcgc.gc.gc.cc 

gcc.gact cq9 

cgc.cgc.gc.cg 

tccagct cog 

taccaggacg 

gact tccacc 

tgg Cagatgg 

Ctctggagct 

Tyr Ala Thr 
1O 

Llys Phe Arg 
25 

Gly Pro Ala 

Ser Arg Ile 

Ala His Asp 
7s 

Asn Phe Ala 
90 

Ala Thr Pro 
105 

Cys Pro His 

Wall Glu Ala 

Asp Asp Met 
155 

Asn Met Asp 
17O 

Gly Gly Glu 
185 

Ala Gly Gly 
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cgg.cgc.cgcc galagcggcc.g 

accgcgg.cgit gcggcggcgg 

acaagaagtic cc.gcatctgg 

acgacgt.cgc cgc.gct CCC 

ccc.gc.ct cot cogcqtcgac 

c catcgagct cqc.cgagtica 

cc.gc.cgc.cgt caggcctic C 

acatggcggc gacgc.cgt.cc 

agc.cgt.cct a c tactacgac 

acggcgacga C9atggtggc 

actga 

Wall 

Glu 

Gly 

Trp 
6 O 

Wall 

Asp 

Asp 

Asp 

Ser 
14 O 

Ala 

Phe 

Thir 

Thir 

Arg 
45 

Lell 

Ala 

Ser 

Asp 

Ala 
125 

Ala 

Ala 

Asp 

Glin 

Gly 
2O5 

Ser Ala Pro 
15 

Arg His Pro 
3O 

Trp Val Cys 

Gly Thr Phe 

Ala Lieu Ala 
8O 

Ala Arg Lieu 
95 

Ala Ala Ala 

Ala Ala Ala 

Thir Pro Ser 
160 

Gln Pro Ser 
17s 

Ser Trp Glin 
19 O 

Gly Gly Asp 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

645 

46 



< 4 OOs 

SEO ID NO 9 
LENGTH: 762 
TYPE: DNA 

ORGANISM: Oryza 

SEQUENCE: 9 

atggagaaga acaccgc.cgc 

cacgacgc.cg 

cgatgtgcaa. 

accoccactg 

gttctgtcag 

atgtcaaagc 

attt cattitt 

cagatgaatt 

ctaac catga 

< 4 OOs 

agcggc.cggc 

gatggcgtgg 

accotttctg 

c catgct cqc 

tccacgt.ccc 

cgc.gctgc ct 

c cactgccac 

c caaacaatg 

titat cagoag 

gcatggittac 

caatgatcgt. 

talacacacca 

SEQ ID NO 10 
LENGTH: 253 
TYPE : 

ORGANISM: Oryza 
PRT 

SEQUENCE: 1.O 

47 

sativa 

Cagcgggcaa. 

gggg.cgalacc 

gtgcgcgggg 

gataggcacg 

Cttgttgcggg 

gcgc.gc.ccc.c 

gcaaggcc at 

Ctc.cggcgat 

cga attcatc 

tag cagagca 

aaatt Cttac 

tittaatcCaC 

cott t t t cala 

sativa 

Met Glu Lys Asn. Thir Ala Ala Ser 
1. 

Glu 

Glin 

Ala 

Arg 
65 

His 

Phe 

Ser 

Gly 

Thir 
145 

Wall 

Ser 

Ala 

Glu 

Gly 
SO 

Phe 

Asp 

Ala 

Gly 

His 
13 O 

Ala 

Luell 

Trp 

Luell 

Thir 

Thir 
35 

Arg 

Trp 

Ala 

Asp 

Luell 
115 

Arg 

Thir 

Ser 

Met 

5 

Pro Ser Ser Pro Llys 

Arg His Lieu Val Phe 
4 O 

Trp Val Cys Llys Val 
55 

Ile Gly Thr Ser Asp 
70 

Ala Met Lieu. Ala Lieu. 
85 

Ser Ala Trp Lieu. Lieu 

Arg Pro Pro Ala Ala 
12 O 

Arg Val Pro Ala Pro 
135 

Ser Gly Asp Ala Ala 
150 

Ala Lys Glin Cys Glu 
1.65 

Lieu Met Ser Llys Lieu 
18O 

Lieu. Arg Lys Asn Pro 

ttgatgacct 

aagttcCagg 

cggtgggtgt 

tctgacaccg 

gcc to cqc.ca 

gtcgt.ct cog 

cgc.cgagttc 

gctgcatcga 

tttct ttctt 

aaaggat.cgt. 

actgctic titt 

gaattat caa 

tggaggaggt 

Gly Glin Lieu. 
1O 

Arg Pro Ala 
25 

Arg Gly Val 

Arg Val Pro 

Thir Ala Glu 
7s 

Cys Gly Ala 
90 

His Wall Pro 
105 

Arg Cys Ala 

Gly Arg Gly 

Ser Thir Ala 
155 

Phe Ile Phe 
17O 

Ile Ser Ser 
185 

Ile Ser Phe 
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Cct cogcgga 

agacgaggca 

gCalaggtgcg 

cc.gaggagac 

gcct caactt 

gactic.cggCC 

Cagcgc.cggg 

cc.gct cotcc 

cactagattg 

tgtgcctg.cg 

tgct cqaata 

aatat caagt 

ag 

Met Thir Ser 

Gly Arg Thr 
3O 

Arg Trp Arg 
45 

Gly Ser Arg 
6 O 

Glu Thir Ala 

Ser Ala Ser 

Arg Ala Pro 
11 O 

Thr Arg Cys 
125 

Ser Thir Ala 
14 O 

Pro Pro Ser 

Leul Ser Ser 

Ser Arg Ala 
19 O 

Cys Met Val 

ggcgacgc.cg 

cct agtgttc 

tgtc.ccgggc 

cgc.gc.gcacg 

cgc.cgactict 

accagctgcc 

gtcggcaccC 

ttggatgtta 

aaaaaat CCC 

cattatattg 

Ctttctgcta 

Ser Ala 
15 

Llys Phe 

Gly Cys 

Gly Asp 

Arg Thr 
8O 

Luell Asn 
95 

Wall Wall 

Lieu. Glin 

Thir Ala 

Ala Pro 
160 

Lieu. Asp 
17s 

Lys Gly 

Thir Asn 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

762 

48 
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195 2OO 2O5 

Ser Tyr Thr Ala Lieu Lleu Lleu. Glu Tyr Ile Ile Leu Gln Met Asn Ser 
21 O 215 22O 

Met Ile Val Lieu. Ile His Glu Lieu Ser Lys Tyr Glin Val Phe 
225 23 O 235 

Lieu. Thir Met Ile Thr His His Leu Phe Glin Trp Arg Arg 
245 250 

<210s, SEQ ID NO 11 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 11 

c ctittctggc aaaatcagaa aga 

<210s, SEQ ID NO 12 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 12 

atgaactgga acaggcttga Ca 

<210 SEQ ID NO 13 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 13 

gcqgatcc cc titttgactitg caggittaatt actitcagg 

<210s, SEQ ID NO 14 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 14 

catgccatgg tittaaacccc ccctic cqtcc ctic cacct to c 

<210s, SEQ ID NO 15 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 15 

ggacct gtac tacgcgagct t 

<210s, SEQ ID NO 16 
&211s LENGTH: 23 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

Lieu. Luell 
24 O 

23 

22 

38 

41 

21 

50 
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<4 OOs, SEQUENCE: 16 

ggcaaaattig tacagttgat ta 

<210s, SEQ ID NO 17 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 17 

ttgaccggga taccga atta 

<210s, SEQ ID NO 18 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 18 

gtaatggcga tigggagaaga 

<210s, SEQ ID NO 19 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

< 4 OO SEQUENCE: 19 

agct cqc.cgg Ctc.cgaca 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O 

gggagaaatc. tcacatt C C 

<210s, SEQ ID NO 21 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 21 

aggtaa.gc.ca ttagcgcatg 

<210s, SEQ ID NO 22 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 22 

ggatgact ct citctggttca 

<210s, SEQ ID NO 23 
&211s LENGTH: 23 

23 

18 

21 

52 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 23 

gagttggagc tag cagttitt gag 

<210s, SEQ ID NO 24 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 24 

tagctgtata ggaggagcaa agc 

<210s, SEQ ID NO 25 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 25 

gtaggcaggc tict ctago Ct c tagg 

<210s, SEQ ID NO 26 
&211s LENGTH: 25 
& 212 TYPE DNA 
<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 26 

gtaggcaggc tict ctago Ct c tagg 

<210s, SEQ ID NO 27 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 27 

gtcatcCagg agacgatgag g 

<210s, SEQ ID NO 28 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 28 

gatgttgcgg alacagaggta g 

<210s, SEQ ID NO 29 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 29 

23 

23 

25 

25 

21 

21 

54 
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- Continued 

ccitat caact titcgatggta ggata 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 30 

cgittaaggga tittagattgt act catt 

<210s, SEQ ID NO 31 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 31 

ggagttcCtc aatttcttgg td 

<210s, SEQ ID NO 32 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 32 

CgCCtcggala act acagtta tt 

<210s, SEQ ID NO 33 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 33 

aggatgcatt Caaggttctg a 

<210s, SEQ ID NO 34 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 34 

Caagatgcca gtttct tcag g 

<210s, SEQ ID NO 35 
&211s LENGTH: 22 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 35 

cctgtc.cttt taccagacaa cc 

<210s, SEQ ID NO 36 
&211s LENGTH: 22 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 

25 

27 

22 

22 

21 

21 

22 

56 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 36 

ggaccatgtg gtc.t.ct ctitt to 

<210s, SEQ ID NO 37 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO > SEQUENCE: 37 

Caggcagagg aac aggtgat 

<210s, SEQ ID NO 38 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 38 

cgtaccggaa caa.gctgaac 

<210s, SEQ ID NO 39 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 39 

alagacgctgc tigattgat at gat 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 4 O 

tggtagctica cac catgaat gta 

<210s, SEQ ID NO 41 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 41 

ggaatggaca attagtttgt CtcC 

<210s, SEQ ID NO 42 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 42 

atatat cqat giggcc.gtaat titt 

22 

23 

23 

24 

23 

58 



<210s, SEQ I 
&211s LENGT 
212. TYPE : 

D NO 43 
H: 1129 
DNA 

59 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 43 

atgact cqtc 

cgcggcgtga 

atgggtaatc 

actic.cgggtt 

gattitcgttg 

gaagaacaca 

atct caagaa 

tatt to at Ca 

gttcCtgatg 

Cctgtggaaa 

citt cacgcac 

accaccgggg 

accaca Caac 

ctatat coga 

tatgttcct 

Cact caaag 

gagt ccaa.ca 

tottcaagac 

gtgatacacg 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

gatgttctica 

agctictittgg 

ttagcc atta 

Ctc.cgggtga 

ctggct ctitc 

ggatgttctt 

act atctgac 

gacaatccaa 

aggttggaga 

Ctgaaatgca 

cgt caat citt 

aac caa.ccgc 

tgcaat caca 

cc tact tt to 

accaccCa 

CtcCtaticala 

alacatggaga 

aat cagcatt 

Ctttataaaa. 

D NO 44 
H: 365 
PRT 

ctgcaat cac 

tgttcggctic 

cacgggttct 

tgtcc ctdac 

ctictagocgc 

attaggttta 

Cactaggaca 

tgtct citcgt. 

tatt cc catg 

aggtgctgac 

ggaaatcgaa 

aactg.ccgct 

actgcaa.ccg 

acCat attac 

gaaagaggaa 

tgttgacgag 

atc.cgatcag 

t caccc.gaat 

gacct gagga 

<213> ORGANISM: Arabidopsis thal 

<4 OOs, SEQUENCE: 44 

Met Thr Arg 
1. 

Thr Cys Pro 

Gly Ser Ile 
35 

Gly Ser Gly 
SO 

Pro Gly Asp 
65 

Asp Phe Val 

Pro Trp Thr 

Lieu. Gly Lys 
115 

Arg Thr Pro 

Arg Cys Ser His Cys 
5 

Asn Arg Gly Val Lys 

Arg Llys Ser Ala Ser 
4 O 

Ser Gly Gly His Gly 
55 

Val Pro Asp His Val 
70 

Ala Gly Ser Ser Ser 
85 

Glu Glu Glu. His Arg 

Gly Asp Trp Arg Gly 
12 O 

Thr Glin Wall Ala Ser 

aatggccaca 

accgalaggtt 

ggat.cgggtg 

Catgtc.gctg 

gagagaaaga 

Cagaa.gctgg 

cct acacaag 

cgcaaaagac 

gatttgcaag 

totatt catc. 

gaatgtgaat 

gctgctt citt 

Cagcc.gcaac 

cc.gtttic cat 

act catgaaa 

cittcttggta 

t ct citt t cat 

cctagotctg 

agtgatggtc 

iana 

Asn His Asn 
1O 

Leu Phe Gly 
25 

Met Gly Asn 

Thr Gly Ser 

Ala Gly Asp 
7s 

Ser Arg Glu 
90 

Met Phe Lieu. 
105 

Ile Ser Arg 

His Ala Glin 
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act ct cqgac 

cgatc.cggaa 

ggcatggaac 

gtgatggitta 

aaggaactic C 

gtaaaggtga 

ttgctagoca 

gttctagt ct 

alaccagagga 

aga cacttgc 

caatggactic 

cittct tccag 

tacctggctic 

tcc caatatg 

ttctgagacic 

tgtctaagct 

tgaagctagg 

at agttcaga 

taaaatggg 

Gly His Asn 

Val Arg Lieu 
3O 

Lieu. Ser His 
45 

Asn. Thir Pro 
6 O 

Gly Tyr Ala 

Arg Llys Llys 

Lieu. Gly Lieu. 
11 O 

Asn Tyr Val 
125 

Lys Tyr Phe 

ttgtc.ccaat 

aagtgcaagt 

cgggit coaac 

cgcttctgag 

atggacagag 

ttggagaggt 

tgctic agaag 

ctittgatatg 

agataatatt 

tcc tagctica 

Cacaaactict 

act agaagaa 

att CCCCata 

gcc tectggit 

aactgctgtg 

cagcc ttgca 

catcaaaagc 

Ser Arg 
15 

Thr Glu 

Tyr Thr 

Gly Ser 

Ser Glu 
8O 

Gly Thr 
95 

Gln Lys 

Th Thr 

Ile Arg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

1129 

60 



Glin 
145 

Wall 

Glu 

His 

Ile 

Pro 
225 

Thir 

Ser 

Pro 

Glu 

Pro 
3. OS 

Glu 

Gly 

Ser 

13 O 

Ser 

Pro 

Asp 

Glin 

Glu 
21 O 

Thir 

Thir 

Phe 

Phe 

Glu 
29 O 

Ile 

Ser 

Gly 

Asp 

61 

135 

Asn Val Ser Arg Arg Llys 
150 

Asp Glu Val Gly Asp Ile 
1.65 

Asn. Ile Pro Wall Glu. Thir 
18O 

Thir Lieu Ala Pro Ser Ser 
195 

Glu Cys Glu Ser Met Asp 
215 

Ala Thir Ala Ala Ala Ala 
23 O 

Gln Lieu. Glin Ser Glin Lieu 
245 

Pro Ile Leu Tyr Pro Thr 
26 O 

Pro Ile Trp Pro Ala Gly 

Thir His Glu Ile Lieu. Arg 
295 

Asn Val Asp Glu Lieu. Lieu. 
310 

Asn Llys His Gly Glu Ser 
325 

Gly Ser Ser Ser Arg Glin 
34 O 

Ser Ser Asp Ile Llys Ser 
355 

<210s, SEQ ID NO 45 
&211s LENGTH: 1164 
&212s. TYPE: DNA 

<213> ORGANISM: Arabidopsis thal 

<4 OOs, SEQUENCE: 45 

atgact cqtc ggtgttcgca 

tctggttcct c ct cogcc.gt 

aaaaagagtg cgagtatggg 

caccaccgtt tat citcc.gtc 

tcqgat catg ccc.gatactic 

gct catggitt Ctgggtctag 

gaagaggaac at agactatt 

gg tatttcga gaalactatgt 

aagtattitta titcgacatac 

atggittacag atgagatggit 

ggttcCtctic caa.gcaagga 

citcaataata ccacagaa.gc 

caagaa.gcta tagaac catc 

360 

ttgtagcaac 

tggaagttggc 

gaagttattt 

taatctot cq 

gtc. tcctctg 

taatttgcat 

t caccgt.cgt. 

Cttagt cqgt 

aacgt Caaga 

tagttcaa.gc 

aac cattca 

acctgaaaag 

tgaagaggto 

aaatggtgtt 

Arg Arg Ser 
155 

Pro Met Asp 
17O 

Glu Met Glin 
185 

Lieu. His Ala 

Ser Thir Asn 

Ser Ser Ser 
235 

Gln Pro Glin 
250 

Tyr Phe Ser 
265 

Tyr Val Pro 

Pro Thir Ala 

Gly Met Ser 
315 

Asp Glin Ser 
330 

Ser Ala Phe 
345 

Wall Ile His 

iana 

aatgggcaca 

ggaggaggag 

ggtgttgaggt 

gcattggctg 

gcgacgt caa 

Cataatgaag 

ggtgagagga 

citt cagaaac 

act Cotacac 

cgcaggaaaa 

tcqccaacac 

aaaagct acc 

gtagccacgg 

t caccaatgc 
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14 O 

Ser 

Lell 

Gly 

Pro 

Ser 
22O 

Ser 

Pro 

Pro 

Glu 

Wall 
3 OO 

Lell 

His 

Ala 

Lell 

Glin 

Ala 

Ser 

Thir 

Arg 

Glin 

Pro 
285 

His 

Lell 

Ser 

Pro 

Lell 
365 

Phe Asp Met 
160 

Glu Pro Glu 
17s 

Asp Ser Ile 
19 O 

Ile Lieu. Glu 

Thr Gly Glu 

Lieu. Glu Glu 

Leu Pro Gly 

Tyr Pro Phe 
27 O 

Pro Llys Llys 

Ser Lys Ala 

Ser Lieu. Ala 
32O 

Lieu Lys Lieu. 
335 

As Pro Ser 
35. O 

att cacgcac gtgtc.caacg 

gaggtggtgg tagaggaggg 

taacggatgg Ctcgattatt 

ttgcggcggc gg.cggcaacg 

atc.ttaatga titcgc.cgitta 

gg tatttatic tdatgat cot 

agagaggtgt t ccttggact 

tCgggaaagg agattggcgc 

aagtggctag ticatgct cala 

gacggtctag cct Cttcgac 

aggalaga.gca gacct taaac 

titcct tcact tdagct citca 

cgc.cacgaca ggaaaaatct 

tag toccggg tottctitt 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

84 O 

62 



cctccttgtt 

catgcc ttaa 

tittgctaaag 

atggcgacaa 

t caaggcc at 

alacagcgcga 

titccagtgac 

acgctgagac 

aacgtgttgaa 

gacacgaaac 

cagcgttt ca 

ttcaggctat 

<210s, SEQ ID NO 46 
&211s LENGTH: 387 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 46 

Met Thr Arg 
1. 

Thir 

Gly 

Lell 

Ser 
65 

His 

Asp 

Glu 

Arg 

Arg 
145 

Gly 

Ser 

Asp 

Ser 
225 

Lell 

Glin 

Met 

Thir 

Ala 

Cys 

Gly 

Phe 
SO 

Met 

His 

Ser 

Gly 

Arg 
13 O 

Luell 

Ile 

His 

Arg 

Ser 
21 O 

Asn 

Glu 

Luell 

Ile 
29 O 

Glu 

Pro 

Gly 
35 

Gly 

Gly 

Arg 

Pro 

Tyr 
115 

Gly 

Phe 

Ser 

Ala 

Arg 
195 

Ser 

Glu 

Asn 

Wall 
27s 

Trp 

Thir 

63 

ttacacgatt 

ttcttct cag 

Catggacgag 

cgaaact tcc 

Ctcgaatggc 

Ctaa 

Arabidopsis thal 

Arg Cys Ser His Cys 

Thir Arg Gly Gly Gly 

Gly Gly Gly Gly Gly 
4 O 

Val Arg Lieu. Thir Asp 
55 

Asn Lieu. Ser Ala Lieu. 
70 

Luel Ser Pro Ser Ser 
85 

Lieu. Ser Asp His Ala 

Lieu. Ser Asp Asp Pro 
12 O 

Glu Arg Lys Arg Gly 
135 

Lieu Val Gly Lieu. Glin 
150 

Arg Asn Tyr Val Thr 
1.65 

Gln Lys Tyr Phe Ile 
18O 

Ser Ser Lieu. Phe Asp 

Pro Thr Glin Glu Glu 
215 

Pro Glu Lys Llys Ser 
23 O 

Thir Thr Glu Ala Glu 
245 

Ser Glin Glu Ala Ile 
26 O 

Pro Gly Gly Phe Phe 
28O 

Lieu Pro Ala Ser Lieu. 
295 

Ser Ser Glin Gln His 

tggct Coctg 

Cagcatcagg 

ttggit cqgta 

cct tcc.ccgc 

tcggittaatg 

iana 

Ser Asn. Asn 
1O 

Thr Cys Gly 
25 

Ser Gly Ser 

Gly Ser Ile 

Ala Wall Ala 
7s 

Pro Leu Ala 
90 

Arg Tyr Ser 
105 

Ala His Gly 

Val Pro Trp 

Llys Lieu. Gly 
155 

Ser Arg Thr 
17O 

Arg His Thr 
185 

Met Wall. Thir 

Glin. Thir Lieu. 

Tyr Lieu Pro 
235 

Glu Wal Wall 
250 

Glu Pro Ser 
265 

Pro Pro Cys 

His Gly Thr 

Glin Wall Lieu. 
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cgt cactitca 

to Ctaaaac C 

tgtct cagot 

tat ctittgag 

gtgcagattt 

Gly 

Gly 

Ser 

Ile 
6 O 

Ala 

Thr 

Asn 

Ser 

Thir 
14 O 

Pro 

Ser 

Asp 

Asn 
22O 

Ser 

Ala 

Asn 

Phe 

Glu 
3 OO 

His 

Ser 

Ser 
45 

Ala 

Ser 

Lell 

Gly 
125 

Glu 

Gly 

Thir 

Ser 

Glu 

Gly 

Lell 

Thir 

Gly 

Pro 
285 

His 

Pro 

Asn 

Gly 
3O 

Ala 

Ala 

Asn 

His 
11 O 

Ser 

Glu 

Asp 

Glin 

Ser 
19 O 

Met 

Ser 

Glu 

Ala 

Wall 
27 O 

Wall 

Ala 

cggalacagaa 

aaaac Ctgga 

tag catagga 

act agagcc C 

gagtaaaggc 

Ser Arg 
15 

Gly Gly 

Val Lys 

Ser Ala 

Ala Thr 
8O 

Luell Asn 
95 

His Asn 

Ser His 

Glu. His 

Trp Arg 
160 

Wall Ala 
17s 

Arg Arg 

Wall. Thir 

Ser Pro 

Luell Ser 
24 O 

Pro Arg 
255 

Ser Pro 

Thr Tyr 

Luell Asn 

Pro Gly 

9 OO 

96.O 

108 O 

114 O 

1164. 

64 



3. OS 

Phe 

Lell 

Pro 

Asn 

Glin 
385 

Ala 

Ser 

Luell 

Gly 
37 O 

Ala 

Ile 

Ser 
355 

Ser 

Ile 

Glu Arg 
3.25 

Gly Met 
34 O 

Lieu. Arg 

Wall Asn 

<210s, SEQ ID NO 47 
&211s LENGTH: 948 
&212s. TYPE: DNA 

<213> ORGANISM: Zea May 

<4 OOs, SEQUENCE: 47 

65 

310 

Wall Asn. Met 

Ala Thr Arg 

Lieu. Glu Pro 
360 

Gly Ala Asp 
375 

atgacgcggc ggtgct cqca Ctgcagocac 

cgcggggtCa 

agcatgggga 

gacgggc.ccg 

tcqtcc to cq 

aggtttittgc 

tttgtggit ct 

Caat Caaata 

tccatggacc 

cc.gc.cactgc 

gtc.gcagaga 

atgattgttc 

Caggaagatg 

catt cocaga 

gaggatggtc 

agatct tcgg ggtgcacctic 

acct ct coct c ct ct cogcq 

Ccagcc.gcga t caaagaaa 

tgggattaca aaa.gctcggg 

caagaacacic tact caagta 

tgagcagalag galagaga agg 

titcc.gc.ccct tcc toggaagt 

CtcCtgctgt ggaggaggag 

gttctggagc titctgct citc 

cagct tattt citcgc.cgttc 

gaggcgatct tcc ccaagaa 

atccaattaa tdttgatgaa 

aggaga cagt gtctacttct 

aggcagt cqg ctitt coatgc aaaccct caa 

< 4 OOs 

SEQ ID NO 48 
LENGTH: 315 
TYPE : 
ORGANISM: Zea 

PRT 

SEQUENCE: 48 

Met Thr Arg Arg Cys 
1. 

Thir 

Gly 

Ser 

Lell 
65 

Cys 

Ser 

Ala 
SO 

Ala 

Pro 

Ala 
35 

Gly 

Asp 

5 

Asn Arg 
2O 

Ile Arg 

Ser Thir 

Gly Gly 

May 

Ser His Cys 

Gly Val Lys 

Llys Ser Ala 
4 O 

Ser Gly Gly 
55 

Gly Gly Tyr 
70 

Asp 

His 
345 

Ser 

Luell 

Glu 
330 

Glu 

Arg 

Ser 

315 

Luell 

Thir 

Pro 

Lys 

aacgggcaca 

accgatggct 

ggat.ccacca 

ggctacgc.ct 

ggtgttcctt 

aaaggggatt 

gcaagt catg 

tctagoctitt 

Caagaac Cag 

gtggaatcga 

atgc.ccgaga 

ttgcaattct 

acacacgaga 

Ctcgtgggca 

ctgtc.gctaa 

acaagagctic 

Ser 

Ile 
25 

Ser 

Ala 

Ala 

His 

Phe 

Met 

Ser 

Ser 

ASn 

Gly 

Gly 

Pro 

Asp 
7s 
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Wall 

Glu 

Ser 

Gly 
38O 

Gly 

Thir 

Ala 
365 

Asn 

Met 

Ser 
35. O 

Phe 

Ser 

act Coggac 

cggc.catcc.g 

ccgacgacitt 

ggactgaaga 

ggcgaggaat 

citcaaaagta 

tcgacatggit 

agacct caat 

tggagt caga 

gtttacago c 

cagttcc titt 

tgtcaaagct 

atctgctagg 

aagcctga 

Gly 

Wall 

Asn 

Ala 
6 O 

Asp 

His 

His 

Lell 
45 

Asp 

Phe 

Asn 

Luell 

Ser 

Gly 

Wall 

32O 

Ser Glin 
335 

Pro Ser 

His Ser 

Ala Ile 

gtgc.cccaac 

Caagagcgc.g 

cgtCC agggg 

agaac accgg 

ttct cqtaat 

ttittatacgc 

tcc tatgag 

gttaaat caa 

tacttctgct 

tacct atcc.g 

ctggccaaat 

tgttgcagtt 

aag catatgg 

gggtcaaaat 

Ser Arg 
15 

Thir Asp 

Lieu. Luell 

Pro Asp 

Gln Gly 
8O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

948 

66 



Ser 

Glu 

Asp 

Glin 

Ser 
145 

Ser 

Met 

Ser 

Ala 

Ala 
225 

Glin 

Pro 

Gly 

Thir 

Phe 
3. OS 

Ser 

Glu 

Trp 

Wall 
13 O 

Arg 

Met 

Luell 

Met 

Luell 
21 O 

Glu 

Wall 

Met 

Ser 
29 O 

His 

Ser 

His 

Arg 
115 

Ala 

Arg 

Asp 

Asn 

Glu 
195 

Met 

Phe 

Asp 

Ala 

Ser 
27s 

Luell 

Ala 

67 

Ala Ser Arg Asp Arg 
85 

Arg Arg Phe Lieu. Lieu. 

Gly Ile Ser Arg Asn 
12 O 

Ser His Ala Gln Lys 
135 

Lys Arg Arg Ser Ser 
150 

Leul Pro Pro Leu Pro 
1.65 

Gln Pro Pro Leu Pro 
18O 

Ser Asp Thir Ser Ala 

Pro Glu Ser Leul Glin 
215 

Ser Pro Phe Leul Glin 
23 O 

Gly Gly Asp Lieu Pro 
245 

Wall His Ser Glin Asn 
26 O 

Llys Lieu. Ser Ile Trp 

Ser Luell Asn Lieu. Luell 
295 

Asn Pro Gln Thr Arg 
310 

<210s, SEQ ID NO 49 
&211s LENGTH: 876 
&212s. TYPE: DNA 
&213s ORGANISM: Zea 

<4 OOs, SEQUENCE: 49 

atggct cqgc catcc.gcaag 

Calaccagcgg 

acgcct coga 

titcc ttggac 

aaaggtgatt 

aaagtagcaa. 

ggaa.gagaag 

ctitcctggaa 

gtggaggagg 

tctgcagott 

gct tatttct 

ggtgatctgc 

c caattaatg 

cgg.cgcgt.cg 

cgactitcgt.c 

tgaagaagaa 

ggcgagggga 

agt catgctic 

gtctagoctt 

gtcaagagcc 

aggaggaggt 

cagctic titat 

caccgttctt 

citcaagaaac 

ttgatgaact 

May 

agcgcaa.gca 

cc.cgc.cgacg 

Caggggtcgt. 

Caccggaggit 

ttittct cqta 

aaaaaatatt 

ttittgacatg 

agagacct Ca 

ggaatcgatg 

gcc.cgagagt 

gcaattctica 

gcacgagatt 

tgtgagcatg 

90 

Gly Lieu. Glin 
105 

Phe Wal Wall 

Tyr Phe Ile 

Lieu. Phe Asp 
155 

Gly Ser Glin 
17O 

Pro Ala Wall 
185 

Wall Ala Glu 

Pro Thr Tyr 

Phe Ser Wall 
235 

Glin Glu. Thir 
250 

Pro Ile Asn 
265 

Glu. His Gly 

Gly Gly Glin 

Ala Glin Ala 
315 

tggggaacct 

ggc.ccgacct 

cct cogccag 

tttittgctgg 

attitt.cgtgg 

tittatacgt.c 

gtgcctgatg 

gtgttaaatc 

gagt cagata 

ttacagocta 

gttcctttct 

gtcaa.gc.ctg 

tcaaagctaa 
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Wall 

Ser 

Arg 
14 O 

Met 

Glu 

Glu 

Ser 

Pro 
22O 

Pro 

His 

Wall 

Glin 

Asn 
3 OO 

Pro 

Lell 

Arg 
125 

Glin 

Wall 

Pro 

Glu 

Ser 

Met 

Phe 

Glu 

Asp 

Glu 
285 

Arg 

Trp 

Gly 
11 O 

Thir 

Ser 

Pro 

Glu 

Glu 
19 O 

Gly 

Ile 

Trp 

Ile 

Glu 
27 O 

Thir 

Glin 

ctic cct cott c 

cgc.cgacggc 

cc.gcgagcgt. 

ggattacaaa 

t ct caaagaa 

aaatcaaata 

agt cc atgga 

aaCCaCCaCt 

cittctgctgt 

ccitat cogat 

ggccalaatca 

ttgcagttca 

gCatagggga 

Thr Glu 
95 

Pro Thir 

As yet 

Asp Glu 
160 

Thir Ser 
17s 

Wall Glu 

Ala Ser 

Wall Pro 

Pro Asn 
24 O 

Val Lys 
255 

Lieu Wall 

Wall Ser 

Ser Ala 

tCcgcggggt 

ggcgggggct 

aagaaaggtg 

aagcttgggg 

CaCCCtact C 

tgagcagaag 

cct tccacco 

gcc to cocct 

tgcggagagt 

gattgttcca 

ggalagatgga 

titccaagaat 

gcctgtcag 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

68 
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- Continued 

gaaacggtgt Ctacttct ct gtcgittaa at Ctgctggtgg gtcaaaatag gcagt cq9CC 84 O 

titccatgcaa atcctcaaac gagggcticaa gottga 876 

<210s, SEQ ID NO 50 
&211s LENGTH: 291 
212. TYPE: PRT 

<213> ORGANISM: Zea May 

<4 OOs, SEQUENCE: 50 

Met Ala Arg Pro Ser Ala Arg Ala Glin Ala Trp Gly Thr Ser Pro Ser 
1. 5 1O 15 

Ser Pro Arg Gly Glin Pro Ala Ala Ala Arg Arg Pro Pro Thr Gly Pro 
2O 25 3O 

Thir Ser Pro Thr Ala Ala Gly Ala Thr Pro Pro Thr Thr Ser Ser Arg 
35 4 O 45 

Gly Arg Pro Pro Pro Ala Ala Ser Val Arg Llys Val Phe Lieu. Gly Lieu. 
SO 55 6 O 

Llys Lys Asn Thr Gly Gly Phe Lieu. Lieu. Gly Ile Thr Llys Ser Lieu. Gly 
65 70 7s 8O 

Lys Gly Asp Trp Arg Gly Asp Phe Lieu Val Ile Phe Val Val Ser Lys 
85 90 95 

Asn. Thir Lieu. Lieu Lys Val Ala Lys Ser Cys Ser Lys Asn. Ile Phe Ile 
1OO 105 11 O 

Arg Glin Ile Llys Tyr Glu Glin Lys Gly Arg Glu Gly Lieu Ala Phe Phe 
115 12 O 125 

Asp Met Val Pro Asp Glu Ser Met Asp Leu Pro Pro Leu Pro Gly Ser 
13 O 135 14 O 

Glin Glu Pro Glu. Thir Ser Wall Lieu. Asn. Glin Pro Pro Leu Pro Pro Pro 
145 150 155 160 

Val Glu Glu Glu Glu Glu Val Glu Ser Met Glu Ser Asp Thr Ser Ala 
1.65 17O 17s 

Wall Ala Glu Ser Ser Ala Ala Ser Ala Lieu Met Pro Glu Ser Lieu. Glin 
18O 185 19 O 

Pro Thr Tyr Pro Met Ile Val Pro Ala Tyr Phe Ser Pro Phe Leu Gln 
195 2OO 2O5 

Phe Ser Val Pro Phe Trp Pro Asn Glin Glu Asp Gly Gly Asp Leu Pro 
21 O 215 22O 

Gln Glu Thir His Glu Ile Val Llys Pro Val Ala Val His Ser Lys Asn 
225 23 O 235 24 O 

Pro Ile Asn. Wall Asp Glu Lieu Val Ser Met Ser Llys Lieu. Ser Ile Gly 
245 250 255 

Glu Pro Gly Glin Glu Thr Val Ser Thr Ser Leu Ser Lieu. Asn Lieu. Leu 
26 O 265 27 O 

Val Gly Glin Asn Arg Glin Ser Ala Phe His Ala Asn Pro Glin Thr Arg 
27s 28O 285 

Ala Glin Ala 
29 O 

<210s, SEQ ID NO 51 
&211s LENGTH: 951 
&212s. TYPE: DNA 

<213> ORGANISM: Sorghum bicolor 

<4 OOs, SEQUENCE: 51 

atgacgcggc ggtgct cqca Ctgcagocac aacgggcaca act cqcggac gtgc.cccaac 6 O 



cgcggggtCa 

agcatgggga 

gacgggc.ccg 

ggct cotcct 

cggaggttitt 

aattitcgtgg 

cgtcaatcaa 

gagt cc atgg 

caag caccac 

gctgttgcag 

ccgatgattg 

aatcaggaag 

gttcattcca 

ggggagcCtg 

aataggcagt 

agatct tcgg 

acct ct coct 

acct cqc.cga 

tgctgggatt 

t ct caagaac 

atatgagcag 

acct tccacc 

tgcc.gc.ct co 

agagttctac 

titccagctta 

atggaggcga 

agaatccaat 

gtcaggagac 

cggctitt.cca 

<210s, SEQ ID NO 52 
&211s LENGTH: 316 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 52 

71 

ggtgcgc.ctic 

cct ct cogcq 

cgg.cggcgc.c 

cgagcgcaag 

acaaaagctt 

acct acticala 

aaggaagaga 

cct tcctgga 

tgttggaggag 

ggcttctgct 

titt ct caccg 

tctg.ccc.caa 

taatgttgat 

agtttctact 

tgcaaatcct 

Sorghum bicolor 

Met Thr Arg Arg Cys Ser His Cys 
1. 

Thir 

Gly 

Ser 

Lell 
65 

Gly 

Glu 

Gly 

Thir 

Met 
145 

Glu 

Ser 

Glu 

Ser 

Cys 

Ser 

Ala 
SO 

Ala 

Ser 

Glu 

Asp 

Glin 
13 O 

Ser 

Ser 

Wall 

Ser 

Ala 

Pro 

Ala 
35 

Gly 

Asp 

Ser 

Glu 

Trp 
115 

Wall 

Arg 

Met 

Luell 

Met 
195 

Luell 

5 

Asn Arg Gly Val Lys 

Ile Arg Llys Ser Ala 
4 O 

Ser Thr Ser Gly Gly 
55 

Gly Gly Ala Gly Gly 
70 

Ser Ala Ser Arg Glu 
85 

His Arg Arg Phe Lieu. 

Arg Gly Ile Ser Arg 
12 O 

Ala Ser His Ala Glin 
135 

Arg Lys Arg Arg Ser 
150 

Asp Lieu Pro Pro Lieu. 
1.65 

ASn Glin Ala Pro Lieu. 
18O 

Glu Ser Asp Thr Ser 

Met Pro Glu Ser Lieu. 

accgatggct 

ggat.ccacca 

gggggattacg 

aaaggtgttc 

gggaaaggtg 

gtagcaa.gtc 

aggtotagcc 

agt caagaac 

gaggtggaat 

ct catgc.ccg 

ttcttgcaat 

gaalacacacg 

gaacttgttgg 

t citctgtc.gc 

caaacgagag 

Ser His Asn 
1O 

Ile Phe Gly 
25 

Ser Met Gly 

Ala Ser Pro 

Tyr Ala Ser 
7s 

Arg Llys Llys 
90 

Lieu. Gly Lieu. 
105 

Asn. Phe Wall 

Lys Tyr Phe 

Ser Lieu. Phe 
155 

Pro Gly Ser 
17O 

Pro Pro Pro 
185 

Ala Wall Ala 

Gln Pro Asn 

US 8,859,851 B2 
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cc.gc.catccg Caagagcgc.c 

gcggcggcgc gtc.cccc.gc.c 

cct cogacga citt cqtc.ca.g 

Cttggactga agaagaacac 

attggcgagg aatttct cqt 

atgct caaaa at attittata 

tttittgacat gigtgcct gat 

cagagacct c agtgttaaat 

caatggagtic agatact tct 

agagtttaca acctaattat 

t ct cagttcc tittctggc.ca 

agattgtcaa goctgtggca 

gcatgtcaaa gCtaa.gcata 

taaatctgct agggggt cala 

citcaa.gc.ctg a 

Gly His Asn. Ser Arg 
15 

Val Arg Lieu. Thir Asp 
3O 

ASn Luell Ser Lieu. Luell 
45 

Ala Asp Gly Pro Asp 
6 O 

Asp Asp Phe Val Glin 
8O 

Gly Val Pro Trp Thr 
95 

Glin Llys Lieu. Gly Lys 
11 O 

Val Ser Arg Thr Pro 
125 

Ile Arg Glin Ser Asn 
14 O 

Asp Met Val Pro Asp 
160 

Glin Glu Pro Glu Thir 
17s 

Wall Glu Glu Glu Wall 
19 O 

Glu Ser Ser Thir Ala 
2O5 

Tyr Pro Met Ile Val 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

951 

72 



Pro 
225 

Asn 

Wall 

Ser 

Ala 
3. OS 

< 4 OOs 

21 O 

Ala 

Glin 

Pro 

Gly 

Thir 
29 O 

Phe 

Glu 

Wall 

Met 

Ser 

His 

73 

215 

Phe Ser Pro Phe Lieu. 
23 O 

Asp Gly Gly Asp Lieu. 
245 

Ala Val His Ser Lys 
26 O 

Ser Llys Lieu. Ser Ile 

Luell Ser Lell Asn. Luell 
295 

Ala Asn. Pro Glin. Thir 
310 

SEO ID NO 53 
LENGTH: 1086 
TYPE: DNA 

ORGANISM: Sorghum bicolor 

SEQUENCE: 53 

atgacgcgga ggtgct cqca 

gcgatgalaga 

ggct cqtcgc 

ggctacgt.ct 

aagaaaggta 

Cttggtaagg 

Caagtggcaa. 

aggcggtcaa 

gcggaacaaa 

acct tacatc. 

Ctaaggcagc 

atgaacticca 

gcgttggit Co 

ggcaca accc 

gatgatgttg 

cc cacagotc 

gtgagt ccac 

gtttga 

agagcgc.cag 

cgc.cggcggg 

C Catgat CC 

caccittggac 

gagattggcg 

gcc atgctica 

gcttgtttga 

ttact atcCa 

ttgggcatca 

atgaggaatc 

gtgtaccatt 

ctgttccact 

atgaaatcct 

ttgg tatgtc. 

titt coctet ca. 

Caatgaatag 

<210s, SEQ ID NO 54 
&211s LENGTH: 361 
212. TYPE : 

<213> ORGANISM: Sorghum bicolor 
PRT 

<4 OOs, SEQUENCE: 54 

Ctgcagcaac 

gct atttggc 

Catgagctgc 

aggagtgggit 

Cgggcacgc.c 

tgaagaagag 

cgggatat ct 

aaagtactitt 

Catggttgca 

aaatacticala 

gaaggaagca 

tgaatatgca 

Caataccata 

aactic tittgg 

aaaac Caact 

taagcticago 

gct tattgga 

acctgaacta 

Glin Phe Ser 
235 

Pro Glin Glu 
250 

Asn. Pro Ile 
265 

Gly Glu Pro 

Lieu. Gly Gly 

Arg Ala Glin 
315 

aacggccaca 

gtgcgc.ctica 

atcgcgt.cct 

ggtggCaggg 

tcCtgct Ca 

catagaatgt 

cgaaactittg 

attagacaga 

gaaatgc.cag 

gatgaagctg 

gagtttgcta 

gaacctt cat 

gctgttc.cga 

cct coaagtg 

c ctittgaatg 

attggtgagg 

tcgacagata 

agcaa.gagaa 

US 8,859,851 B2 
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22O 

Wall 

Thir 

Asn 

Gly 

Glin 
3 OO 

Ala 

Pro 

His 

Wall 

Glin 
285 

Asn 

Phe 

Glu 

Asp 
27 O 

Glu 

Arg 

act cqcgcac 

Caacggcgc.c 

cgcticggggg 

gaggaggaga 

Cgaatggcc.g 

ttctgatggg 

ttgtttic cag 

caaactcatC 

tagacgagtic 

caagttcaaa 

agcaaatgcc 

tgacattacc 

cgatgc.ca.gc 

ttgcc catgt 

gtaaggaggit 

Ccagctctgg 

Caaggcagtic 

acagcagt cc 

Trp Pro 
24 O 

Ile Wall 
255 

Glu Lieu. 

Thir Wall 

Glin Ser 

ggctCC9gcg 

cgggtCcggg 

cgg.cggggcc 

C9tcgag.cgg 

t ctitcagaag 

gaccc.cgact 

alagacggaag 

cctagotgct 

t caactg.ccg 

aacttitt cag 

agatttagag 

att cit accot 

ggaggacgca 

gattaaagca 

ctic catggaa 

agcttitt cat 

aatt catgcc 

Met Thr Arg Arg Cys Ser His Cys Ser Asn. Asn Gly His Asn. Ser Arg 
1. 5 15 

Thir Cys Pro Ala Arg Ser Gly Gly Gly Val Arg Lieu. Phe Gly Val Arg 
25 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

1086 

74 



Lell 

Ser 

Pro 
65 

Gly 

Arg 

Met 

Ile 

His 
145 

Arg 

Ser 

Ala 

Glu 

Glu 
225 

Met 

Ala 

Ser 

Pro 

Gly 
3. OS 

Pro 

Ser 

Arg 

< 4 OOs 

Thir 

Cys 
SO 

Ala 

Wall 

Phe 

Ser 
13 O 

Ala 

Arg 

Luell 

Ala 

Ala 
21 O 

Glu 

Asn 

Phe 

Wall 

Thir 
29 O 

Met 

Thir 

Ala 

Asn 

Thir 
35 

Ile 

Gly 

Wall 

Glu 

Luell 
115 

Arg 

Glin 

Ser 

Ala 

Ser 
195 

Glu 

Ser 

Ser 

Ala 

Pro 

Ser 

Ala 

Phe 

Ser 
355 

atgacgcggc 

cgcggggtga 

atgggcaatc 

aaccc.cggitt 

75 

Ala Pro Ala Pro Ala 
4 O 

Ala Ser Ser Lieu. Gly 
55 

Gly Val Gly Gly Gly 
70 

Ser Asp Asp Pro Gly 
85 

Arg Llys Lys Gly Thr 

Met Gly Lieu Gln Lys 
12 O 

Asn. Phe Wal Wal Ser 
135 

Lys Tyr Phe Ile Arg 
150 

Ser Leu Phe Asp Met 
1.65 

Ala Ala Glu Glin Ile 
18O 

Ser Asn. Glin Leu Pro 

Phe Ala Lys Gln Met 
215 

Glu Tyr Ala Glu Pro 
23 O 

Ser Wall Pro Phe Asn 
245 

26 O 

3.25 

34 O 

Pro Ala Leu Wall Pro 

His Val Glu Asp Ala 

Lieu. Asn Gly Lys Glu 
295 

Llys Lieu. Ser Ile Gly 
310 

Lieu. Ser Lieu. Glin Lieu 

His Wal Ser Pro Pro 

Ser Pro Ile His Ala 

SEO ID NO 55 
LENGTH: 1.OO2 
TYPE: DNA 

ORGANISM: Glycine max 

SEQUENCE: 55 

gttgct cqca 

agctictt.cgg 

talaccCacta 

cgc.ccgggga 

360 

ttgcagocac 

ggtc.cgatta 

tgc.cggitt CC 

aac ccc.cgat 

Ala Met Lys 

Gly Gly Ser 

Arg Gly Gly 

His Ala Ser 
90 

Pro Trp Thr 
105 

Lieu. Gly Lys 

Arg Thr Pro 

Glin. Thir Asn 
155 

Wall Ala Glu 
17O 

Thir Ile Glin 
185 

Thir Lieu. His 

Pro Thir Phe 

Ser Lieu. Thir 
235 

Thir Ile Ala 
250 

Wall Pro Leu 
265 

Gly. Thir Thr 

Val Ile Llys 

Glu Ala Ser 
315 

Ile Gly Ser 
330 

Met Asn Arg 
345 

Wall 

aatgggcaca 

accgatgggit 

Catgcc.gc.cg 

US 8,859,851 B2 
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Lys 

Gly 
6 O 

Gly 

Glu 

Gly 

Thir 
14 O 

Ser 

Met 

Asn 

Lell 

Glin 

Lell 

Wall 

Thir 

His 

Ala 
3 OO 

Ser 

Thir 

Pro 

Ser 
45 

Gly 

Asp 

Ser 

Glu 

Asp 
125 

Glin 

Ser 

Pro 

Thir 

Gly 

Lell 

Pro 

Pro 

Lell 

Glu 
285 

Asp 

Gly 

Asp 

Glu 

Ala 

Ser 

Gly 

Thir 

Glu 
11 O 

Trp 

Wall 

Arg 

Wall 

Glin 
19 O 

His 

Arg 

Asp 

Thir 

Trp 
27 O 

Ile 

Asp 

Ser 

Thir 

Luell 
35. O 

act caagaac 

cgatc.cggaa 

CactC Catac 

Cagtc.gc.cga 

Ser Met 

Ser Pro 

Gly Ala 
8O 

Asin Gly 
95 

His Arg 

Arg Gly 

Ala Ser 

Arg Llys 
160 

Asp Glu 
17s 

Asp Glu 

Gln Lys 

Gln His 

Lieu. Glu 
24 O 

Met Pro 
255 

Pro Pro 

Lieu Lys 

Wall Wall 

Met Glu 
32O 

Arg Glin 
335 

Ser Lys 

ttgcc ctaac 

gagtgctago 

cgggttgaat 

cggitt acttg 

6 O 

12 O 

18O 

24 O 

76 



tcc.gaggact 

tggactgagg 

tggcgtggala 

gct Cagaaat 

tittgat attg 

gctaat cagt 

gacgaagagt 

aagc.ca.gaaa 

titcc.cgtttc 

acacatgaag 

Ctggttggca 

ctgtct cqaa 

acatgtggca 

tcgttc.ccgg 

aggalacatag 

ttgcaaggac 

attt catcag 

ttgcagatga 

tacccactga 

gcqaatcc at 

acacacagtic 

citctg.cccta 

tactgaagcc 

titt Caaaatt 

aacttatcga 

gttcaaatgg 

<210s, SEQ ID NO 56 
&211s LENGTH: 333 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 56 

77 

gtcttcttct 

aatgtttitta 

ctatottata 

gcagagcaat 

agcagctgac 

alacagaaggc 

ggatt coaca 

at CttatcCa 

ttggit Cagga 

aactgcagtt 

gagtttaggg 

agaaggaccc 

cagtgc.catc 

Glycine max 

Met Thr Arg Arg Cys Ser His Cys 
1. 

Thir 

Gly 

Gly 

Pro 
65 

Ser 

Lell 

Wall 

Phe 
145 

Phe 

Asp 

Pro 

Ser 

Thir 
225 

Cys 

Ser 

Ser 
SO 

Asp 

Phe 

Luell 

Thir 
21 O 

Glin 

Pro 

Ile 
35 

Gly 

Glu 

Asp 

Wall 

Lys 
115 

Ser 

Arg 

Ile 

Luell 

Pro 
195 

Asn 

Ser 

5 

Asn Arg Gly Val Lys 

Arg Llys Ser Ala Ser 
4 O 

Ser Gly Pro Leu. His 
55 

Thr Pro Asp His Ala 
70 

Phe Val Pro Gly Ser 
85 

Pro Trp Thr Glu Glu 

Lieu. Gly Lys Gly Asp 
12 O 

Arg Thr Pro Thr Glin 
135 

Glin Ser Asn. Wal Ser 
150 

Val Ala Asp Glu Ala 
1.65 

Ser Ala Asn. Glin Lieu. 
18O 

Ala Pro Pro Pro Leu 

Ser Asn Asp Gly Glu 
215 

Ser Tyr Pro Met Leu 
23 O 

agctic cc.gtg 

Ctcggattgc 

t caaggacac 

gtgtcCaggc 

actgcaatgg 

aataa.cccCt 

aactcaaatg 

atgttatat c 

tacagtic cag 

Cattictaaaa. 

gagt ctattg 

tctagacagt 

catgcagttt 

Ser His Asn 
1O 

Leu Phe Gly 
25 

Met Gly Asn 

Thr Gly Lieu. 

Ala Ala Wall 
7s 

Ser Ser Ser 
90 

Glu. His Arg 
105 

Trp Arg Gly 

Wall Ala Ser 

Arg Arg Llys 
155 

Ala Asp Thr 
17O 

Pro Thr Glu 
185 

Asp Glu Glu 

Pro Ala Pro 

Tyr Pro Ala 
235 

US 8,859,851 B2 
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aaagaaagaa 

agaa.gctggg 

c tact caagt 

ggaaaagacg 

tacagcaaga 

tgc.ca.gcticc 

atggaga.gc.c 

ctgcatatta 

agt ccaccala 

gcc citat caa 

gtgactctgg 

cagcttitt.ca 

a.a. 

Gly 

Wall 

Lell 

Asn 
6 O 

Ala 

Ser 

Met 

Ile 

His 
14 O 

Arg 

Ala 

Thir 

Ser 
22O 

His 

Arg 

Thir 
45 

Asn 

Asp 

Arg 

Phe 

Ala 
125 

Ala 

Arg 

Met 

Glu 

Glu 
2O5 

Asn 

Luell 

His 

Pro 

Gly 

Glu 

Luell 
11 O 

Arg 

Glin 

Ser 

Wall 

Gly 
19 O 

Ser 

Pro 

Ser 

gggtgttc.ca 

Calaaggtgat 

ggctago cat 

gtc.ca.gcttg 

cittcttgttct 

t cotic cc ct c 

tgc cc catca 

ttctic.cggtg 

galaggaggag 

tgttgatgaa 

tcc ct cotct 

tgcaa.caccg 

Ser Arg 
15 

Thir Asp 

Tyr Ala 

Gly Ser 

Tyr Lieu. 
8O 

Arg Llys 
95 

Lieu. Gly 

Thr Tyr 

Ser Luell 
160 

Glin Glin 
17s 

Asn. Asn 

Met Asp 

Glu Asn 

Pro Wall 
24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

1 OO2 

78 



Phe Pro Phe 

79 

Pro Leu Pro Tyr Trp 
245 

Llys Lys Glu Glu Thir His Glu Val 

Lys Ser Pro 
27s 

26 O 

Ile Asin Val Asp Glu 

Lieu. Gly Glu Ser Ile Gly Asp Ser 
29 O 295 

Lieu. Ile Glu Glu Gly Pro Ser Arg 
310 3. OS 

Thr Cys Gly Ser Ser Asn Gly Ser 
3.25 

<210s, SEQ ID NO 57 
&211s LENGTH: 1.OO2 
212. TYPE : DNA 

<213> ORGANISM: Glycine max 

<4 OO > SEQUENCE: 57 

atgacgcggc 

cgcggggtta 

atgggcaacc 

alacc.cgggtt 

tcc.gaggact 

tggactgagg 

tggcgtggala 

gct Cagaaat 

tittgat attg 

gctaatgagt 

gatgaagagt 

aagc.ca.gaaa 

titcc.cgtttc 

acacatgaag 

Ctggttggca 

ctgtct cqaa 

acatgtggtg 

gttgct cqca 

agctictt.cgg 

talaccCacta 

Cacccgggga 

tcgttc.ccgg 

aggalacatag 

ttgcaaggaa 

attt catcag 

ttgcagatga 

taccaactga 

gtgaat caat 

acacacat CC 

citctg.cccta 

tgctgaaacc 

tat Caaaact 

aact tattga 

atatgaatgg 

<210s, SEQ ID NO 58 
&211s LENGTH: 333 
212. TYPE : PRT 

ttgcagocac 

ggtc.cgatta 

cgctggitt CC 

gacgc.ccgat 

gtcttcttct 

aatgtttittg 

ctatottata 

gcaaa.gcaat 

agcagctgac 

alacagaaggc 

ggatt coaca 

at cittatic ct 

ttggit Cagga 

aactgcagta 

gagtttaggg 

agaaggaccc 

cagtgc.catc 

<213> ORGANISM: Glycine max 

<4 OOs, SEQUENCE: 58 

Met Thr Arg Arg Cys 
1. 

Thr Cys Pro Asn Arg 

Gly Ser Ile Arg Llys 
35 

Gly Ser Gly Ser Ala 

5 
Ser His Cys 

Gly Val Lys 

Ser Ala Ser 
4 O 

Pro Leu. His 

Ser Gly Tyr 
250 

Lieu Lys Pro 
265 

Lieu Val Gly 

Gly Pro Ser 

Glin Ser Ala 
315 

Ala Ile His 
330 

aatgggcaca 

accgacgggit 

ggg.tc.ggCCC 

cacgc.cgc.cg 

agctic cc.gtg 

Ctcggattgc 

t caaggacgc 

gtgtcCaggc 

actgcaatgg 

aataa.cccCt 

aactcaaatg 

atgttatat c 

tacagtic cag 

Cattictaaaa. 

gagt ctattg 

tctagacaat 

catgcagttt 

Ser His Asn 
1O 

Leu Phe Gly 
25 

Met Gly Asn 

Val Gly Lieu. 

US 8,859,851 B2 

- Continued 

Ser 

Thir 

Ile 

Ser 
3 OO 

Phe 

Ala 

Pro 

Ala 

Ser 
285 

Lell 

His 

Wall 

Glu Ser Thr 
255 

Wall His Ser 
27 O 

Llys Lieu. Ser 

Ser Arg Llys 

Ala Thr Pro 
32O 

act coagaac ctd.ccctaac 

cgatc.cggala gagcgc.cagc 

cgctic catgt cqggttgaat 

aaagaaagaa gggtgttc.ca 

agaagctggg caaaggtgat 

c tact caagt gigc.ca.gc.cat 

gaaaaagacg gtc.ca.gcttg 

tacagcaaga cittcttgtct 

tgcctgctcc toc tocc ctic 

atggaga.gcc tic cc catca 

ctg.cg tatta ttct c cagtg 

agc.ccaccala gaaggaggaa 

gcc citat caa tdttgatgaa 

gtgacticggg tocct coacc 

cagcttitt.ca tdcaacacca 

a.a. 

Gly 

Wall 

Lell 

Asn 

His 

Arg 

Thir 
45 

Asn 

Asn Ser Arg 
15 

Lieu. Thir Asp 
3O 

His Tyr Ala 

Pro Gly Ser 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

1 OO2 

80 



Pro 
65 

Ser 

Lell 

Wall 

Phe 
145 

Phe 

Asp 

Pro 

Ser 

Thir 
225 

Phe 

Lell 

Lell 
3. OS 

Thir 

SO 

Asp 

Phe 

Luell 

Thir 
21 O 

His 

Pro 

Ser 

Gly 
29 O 

Ile 

Glu 

Asp 

Wall 

Lys 
115 

Ser 

Arg 

Ile 

Luell 

Pro 
195 

Asn 

Pro 

Phe 

Glu 

Pro 

Glu 

Glu 

Gly 

81 

55 

Thr Pro Asp His Ala 
70 

Phe Val Pro Gly Ser 
85 

Pro Trp Thr Glu Glu 

Lieu. Gly Lys Gly Asp 
12 O 

Arg Thr Pro Thr Glin 
135 

Glin Ser Asn. Wal Ser 
150 

Val Ala Asp Glu Ala 
1.65 

Ser Ala Asn. Glu Lieu. 
18O 

Ala Pro Pro Pro Leu 

Ser Asn Asp Gly Glu 
215 

Ser Tyr Pro Met Leu 
23 O 

Pro Leu Pro Tyr Trp 
245 

Glu Thir His Glu Wall 
26 O 

Ile Asin Val Asp Glu 
28O 

Ser Ile Gly Asp Ser 
295 

Glu Gly Pro Ser Arg 
310 

Asp Met Asn Gly Ser 
3.25 

<210s, SEQ ID NO 59 
&211s LENGTH: 1008 
&212s. TYPE: DNA 
<213> ORGANISM: Witis 

<4 OO > SEQUENCE: 59 

atgact cqcc gctgct cqca 

cgcggggtCa 

atgggcaatc 

ggtaacaatt 

gcct Cogagg 

tggactgaag 

tggcgtggala 

gct Cagaaat 

tittgat attg 

agatct tcgg 

t cagocacta 

cggtct ct co 

gtttcqttico 

aggalacacag 

titt cacgtaa 

attt catcag 

tagctgatga 

Winifera 

ttgcagt cac 

ggttctgattg 

cggagagact 

cggttcatca 

aatgtttcta 

titatgttata 

gcaaactaat 

atctgtcgac 

Ala Ala Ala 
7s 

Ser Ser Ser 
90 

Glu. His Arg 
105 

Trp Arg Gly 

Wall Ala Ser 

Arg Arg Llys 
155 

Ala Asp Thr 
17O 

Pro Thr Glu 
185 

Asp Glu Glu 

Pro Ala Pro 

Tyr Pro Ala 
235 

Ser Gly Tyr 
250 

Lieu Lys Pro 
265 

Lieu Val Gly 

Gly Pro Ser 

Glin Ser Ala 
315 

Ala Ile His 
330 

aacgggcaca 

actgatgggit 

accitctggtc 

ccagagcacg 

tccagc.cggg 

Cttggactgc 

t caaggacac 

gtgtctagga 

act coaatgg 
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6 O 

Ala 

Ser 

Met 

Ile 

His 
14 O 

Arg 

Ala 

Thir 

Ser 
22O 

Ser 

Thir 

Ile 

Thir 
3 OO 

Phe 

Ala 

Asp 

Arg 

Phe 

Ala 
125 

Ala 

Arg 

Met 

Glu 

Glu 
2O5 

Pro 

Ala 

Ser 
285 

Lell 

His 

Wall 

Gly 

Glu 

Luell 
11 O 

Arg 

Glin 

Ser 

Wall 

Gly 
19 O 

Ser 

Pro 

Ser 

Glu 

Wall 
27 O 

Ser 

Ala 

atticoaggac 

tgatcc.gtaa 

atcat cagaa 

agcgcaagaa 

agaagcttgg 

c tact caagt 

gaaaaagacg 

tat cacggga 

Arg Llys 
95 

Lieu. Gly 

Asn Tyr 

Ser Luell 
160 

Glin Glin 
17s 

Asn. Asn 

Met Asp 

Glu Asn 

Pro Wall 
24 O 

Pro Thir 
255 

His Ser 

Luell Ser 

Arg Llys 

Thir Pro 
32O 

atgcc ccaac 

gagtgct agt 

cggcgttt CC 

cgatggatac 

aggcact coa 

aaaaggggat 

cgc.ca.gc.cat 

gtc.ca.gcttg 

tttct totcc. 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

82 



acCaac Cott 

gatgaagaat 

aagc.cggatg 

titcc cattitt 

Catgaggtgc 

gttggCatgt 

acactgaaac 

ggcagttcaa 

cgcaa.gctga 

gtgaat caat 

gct tacaagg 

ct t t t c catt 

ttaa.gc.caac 

caaaactgag 

tgcttgaagg 

gcatgaactic 

<210s, SEQ ID NO 60 
&211s LENGTH: 335 
212. TYPE : 

<213> ORGANISM: Witis 
PRT 

<4 OOs, SEQUENCE: 60 

83 

aac actaagc 

ggattctacc 

ctgtc.ccc.ca 

Ctggc.cggga 

agctgtacat 

tittaggagaa 

gtcaa.gcagg 

gag.cggcagt 

Winifera 

Met Thr Arg Arg Cys Ser His Cys 
1. 

Thir 

Gly 

Gly 

Wall 
65 

Ala 

Lell 

Wall 

Phe 
145 

Phe 

Asp 

Pro 

Ser 

Lell 
225 

Phe 

Ser 

Gly 

Cys 

Luell 

Ser 
SO 

Ser 

Ser 

Gly 

Glin 

Ile 
13 O 

Ile 

Asp 

Phe 

Luell 

Thir 
21 O 

Glin 

Pro 

Met 

Pro 

Glu 

Pro 

Ile 
35 

Thir 

Pro 

Glu 

Thir 

Lys 
115 

Ser 

Arg 

Ile 

Phe 

Pro 
195 

Asn 

Gly 

Phe 

Glu 

Ile 

Ser 

5 

Asn Arg Gly Val Lys 

Arg Llys Ser Ala Ser 
4 O 

Ser Gly His His Glin 
55 

Gly Glu Thr Pro Glu 
70 

Gly Phe Val Pro Gly 
85 

Pro Trp Thr Glu Glu 

Lieu. Gly Lys Gly Asp 
12 O 

Arg Thr Pro Thr Glin 
135 

Glin. Thir Asn. Wal Ser 
150 

Val Ala Asp Glu Ser 
1.65 

Ser Thir Asn. Pro Ser 
18O 

Wall Pro Pro Ala Lieu. 

Ser Asn Asp Gly Glu 
215 

Cys Pro Pro Val Ile 
23 O 

Ser Phe Pro Phe Trp 
245 

Thir His Glu Wall Lieu. 
26 O 

Asn Val Asp Glu Lieu. 

Ile Gly His Ala Gly 

alatalacc cat 

aactic gaatg 

gtaatatat c 

alacagttcag 

tctaagagtic 

tccatcggtc 

caatctgctt 

c caatccatg 

Ser His Asn 
1O 

Ile Phe Gly 
25 

Met Gly Asn 

Asin Gly Val 

His Gly Ala 
7s 

Ser Ser Ser 
90 

Glu. His Arg 
105 

Trp Arg Gly 

Wall Ala Ser 

Arg Arg Llys 
155 

Val Asp Thr 
17O 

Glin Ala Glu 
185 

Asp Glu Glu 

Pro Pro Ile 

Tyr Pro Thr 
235 

Pro Gly Asn 
250 

Llys Pro Thr 
265 

Val Gly Met 

Pro Ser Ser 
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tgcctgttcc ticcggctctg 

atggaga acc 

c tact tattit 

agccaactaa 

caatcaatgt 

atgctggtc.c 

tccatgctaa 

Cagtttga 

Gly 

Wall 

Lell 

Ser 
6 O 

Ala 

Ser 

Met 

Ile 

His 
14 O 

Arg 

Pro 

Thir 

Pro 
22O 

Ser 

Ala 

Ser 

Lell 

His 

Arg 

Ser 
45 

Gly 

Ala 

Arg 

Phe 

Ser 
125 

Ala 

Arg 

Met 

Lell 

Glu 
2O5 

Phe 

Ser 

Wall 

Lys 
285 

Thir 

Asn 

Luell 

His 

Asn 

Asp 

Glu 

Luell 
11 O 

Arg 

Glin 

Ser 

Wall 

Ser 
19 O 

Ser 

Pro 

Ser 

Glu 

His 
27 O 

Luell 

Luell 

gcc catt coa 

Ctcaccatt C 

aatggagact 

tgatgagctg 

ctic ct citctic 

tccagcct ct 

Ser Arg 
15 

Thir Asp 

Tyr Ala 

Asn. Ser 

Gly Tyr 
8O 

Arg Llys 
95 

Lieu. Gly 

Asn Tyr 

Ser Luell 
160 

Ser Arg 
17s 

Asn. Asn 

Met Asp 

Asp Gly 

Pro Phe 
24 O 

Pro Thir 
255 

Ser Lys 

Ser Luell 

Llys Lieu. 

660 

72 O 

84 O 

9 OO 

96.O 

1008 

84 



29 O 

85 

295 
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3 OO 

Lieu. Glu Gly Ser Ser Arg Glin Ser Ala Phe His Ala ASn Pro Ala Ser 
3. OS 310 315 

Gly Ser Ser Ser Met Asn Ser Ser Gly Ser Pro Ile His Ala Val 
3.25 

<210s, SEQ ID NO 61 
&211s LENGTH: 1038 
&212s. TYPE: DNA 
<213> ORGANISM: Witis 

<4 OOs, SEQUENCE: 61 

atgact cqcc gctgct cqca 

cgcggggt ca agatct tcgg 

atgggcaatc. tcagocacta 

ggtaacaatt cqgtct ct co 

gcct Cogagg gtttcgttcC 

tggactgaag aggalacacag 

tggcgtggaa titt cacgtaa 

gct cagaaat attt catcag 

tittgat attg tagctgatga 

acca accctt cqcaagctga 

gatgaagaat gtgaat Caat 

aagc.cggatg gct tacaagg 

titcc cattitt cit t t t c catt 

Catgaggtgc tita agccaac 

gttggCatgt caaaactgag 

acactgaaac tottgaagg 

ggcagttcaa goatgaactic 

Ctgg tatgga gattgtag 

<210s, SEQ ID NO 62 
&211s LENGTH: 345 
212. TYPE: PRT 

<213> ORGANISM: Witis 

<4 OOs, SEQUENCE: 62 

330 

Winifera 

ttgcagt cac aacgggcaca 

ggttctgattg actgatgggit 

cgc.cgggtc. acctctggtc 

cggagagact C cagagcacg 

cggttcatca t c cagc.cggg 

aatgtttcta cittgg actgc 

titatgttata t caagga cac 

gcaaaccalat gtgtc.tagga 

atctgttgac act coaatgg 

aac actaagc aataacc cat 

ggatt CtaCC alactic gaatg 

ctgtc.ccc.ca gtaatatat c 

Ctggc.cggga aac agttcag 

agctgtacat tctaagagtic 

tittaggagaa t c catcggtc 

gtcaa.gcagg caatctgctt 

gag.cggcagt c caatccatg 

Winifera 

Met Thr Arg Arg Cys Ser His Cys Ser His Asn 
1. 5 

Thr Cys Pro Asn Arg Gly Val Lys Ile Phe Gly 
25 

Gly Lieu. Ile Arg Llys Ser Ala Ser Met Gly Asn 
35 4 O 

Gly Ser Thr Ser Gly His His Glin Asn Gly Val 
SO 55 

Val Ser Pro Gly Glu Thr Pro Glu. His Gly Ala 
65 70 

Ala Ser Glu Gly Phe Val Pro Gly Ser Ser Ser 
85 90 

Lys Gly Thr Pro Trp Thr Glu Glu Glu. His Arg 

335 

atticoaggac atgcc ccaac 

tgatc.cgitaa gagtgct agt 

atcat cagaa cqgcgtttcc 

gcgcc.gcggc catggatac 

agcgcaagaa aggcact coa 

agaagcttgg aaaaggggat 

c tact caagt cqc.ca.gc.cat 

gaaaaagacg gtc.ca.gcttg 

tat cacggga titt cittct co 

tgcctgttcc ticcggctctg 

atggagalacc accCatt CCa 

c tact tattt citcgc catt c 

agc.calactaa aatggagact 

Caatcaatgt tatgagctg 

atgctggtcc ctic ct citctic 

tccatgctaa to cagoctot 

Cacccaatgg galagattctg 

Gly His Asn. Ser Arg 
15 

Val Arg Lieu. Thir Asp 
3O 

Lieu. Ser His Tyr Ala 
45 

Ser Gly Asn. Asn. Ser 
6 O 

Ala Ala Asp Gly Tyr 
8O 

Ser Arg Glu Arg Llys 
95 

Met Phe Lieu. Leu Gly 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

1038 

86 



Lell 

Wall 

Phe 
145 

Phe 

Asp 

Pro 

Ser 

Lell 
225 

Phe 

Ser 

Gly 

Lell 
3. OS 

Gly 

Gly 

Glin 

Ile 
13 O 

Ile 

Asp 

Phe 

Luell 

Thir 
21 O 

Glin 

Pro 

Met 

Pro 

Glu 
29 O 

Glu 

Ser 

Lys 
115 

Ser 

Arg 

Ile 

Phe 

Pro 
195 

Asn 

Gly 

Phe 

Glu 

Ile 

Ser 

Gly 

Ser 

Ile 

87 

Lieu. Gly Lys Gly Asp 
12 O 

Arg Thr Pro Thr Glin 
135 

Glin. Thir Asn. Wal Ser 
150 

Val Ala Asp Glu Ser 
1.65 

Ser Thir Asn. Pro Ser 
18O 

Wall Pro Pro Ala Lieu. 

Ser Asn Asp Gly Glu 
215 

Cys Pro Pro Val Ile 
23 O 

Ser Phe Pro Phe Trp 
245 

Thir His Glu Wall Lieu. 
26 O 

Asn Val Asp Glu Lieu. 

Ile Gly His Ala Gly 
295 

Ser Ser Arg Glin Ser 
310 

Ser Met Asn. Ser Ser 
3.25 

Lieu. Lieu Val Trp Arg 
34 O 

<210s, SEQ ID NO 63 
&211s LENGTH: 1011 
&212s. TYPE: DNA 
&213s ORGANISM: Lotus 

<4 OOs, SEQUENCE: 63 

atgacccggc gatgct cqca 

cgcggagt ca 

atgggtaatc 

aaccctgatt 

gaggattittg 

actgaggagg 

cgtggaattg 

cagaaatatt 

gatattgttg 

aatcagctac 

galaga.gtgttg 

cc.cgacactic 

agcttitt.cgg 

to accoacta 

Ctc.ccggtga 

titcctggctic 

aacacagaat 

Caaggalacta 

t catcaggca 

Cagatgatgc 

agactgaaac 

aatcCatgga 

caataccgcc 

japonicus 

ttgcagdcat 

tgtc.cgattg 

cactggct co 

aac cc ctdat 

ttcttctago 

gttitt tactt 

tgttattt ca 

alagcaatgtg 

gtc.cgacact 

agaaggcaat 

titcCacaaac 

aacct accc.g 

105 

Trp Arg Gly 

Wall Ala Ser 

Arg Arg Llys 
155 

Val Asp Thr 
17O 

Glin Ala Glu 
185 

Asp Glu Glu 

Pro Pro Ile 

Tyr Pro Thr 
235 

Pro Gly Asn 
250 

Llys Pro Thr 
265 

Val Gly Met 

Pro Ser Ser 

Ala Phe His 
315 

Gly Ser Pro 
330 

Luell 
345 

ggtggccaca 

actgatggct 

gggtctggac 

cacgc.cgc.cg 

tcc.cgtgaaa 

ggattgcaga 

aggacaccta 

tctaggagaa 

ccalatgg tag 

aac cctittgc 

t caatagatg 

gtgttatat c 
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Ile 

His 
14 O 

Arg 

Pro 

Thir 

Pro 
22O 

Ser 

Ala 

Ser 

Lell 
3 OO 

Ala 

Ile 

Ser 
125 

Ala 

Arg 

Met 

Lell 

Glu 

Phe 

Ser 

Wall 

Lys 
285 

Thir 

Asn 

His 

11 O 

Arg 

Glin 

Ser 

Wall 

Ser 
19 O 

Ser 

Pro 

Ser 

Glu 

His 
27 O 

Luell 

Luell 

Pro 

Ala 

acgc.caggac 

cgatc.cggaa 

citc.ttcttgg 

Ctgctgacgg 

gaaaaaaggg 

aactgggcaa. 

Ctcaagtggc 

agagacggit c 

agcaagacitt 

citgct cotcc 

gag actctgc 

ctgcatatta 

Asn Tyr 

Ser Luell 
160 

Ser Arg 
17s 

Asn. Asn 

Met Asp 

Asp Gly 

Pro Phe 
24 O 

Pro Thir 
255 

Ser Lys 

Ser Luell 

Llys Lieu. 

Ala Ser 
32O 

Pro Asn 
335 

ctgc.cccaac 

gagtgct agt 

tgggit coaat 

ttacgcct ct 

cactic catgg 

aggtgattgg 

cagt catgct 

cagcttgttt 

cittgtcagot 

tcc cattgat 

cctgttaaag 

t cotic catt c 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

88 



taccc.gitatic 

gaga cacatg 

gaacttgtcg 

totctgtcto 

Ccagcatgtg 

citctgc citta 

aagtggtgaa 

gcatgtcaaa 

gaaaacticgt. 

gcagttcaaa 

<210s, SEQ ID NO 64 
&211s LENGTH: 336 
212. TYPE : 

&213s ORGANISM: Lotus 
PRT 

<4 OOs, SEQUENCE: 64 

89 

ttggtctgga 

gccaactg.cg 

actgagtttg 

cgaagaagga 

tataaatggc 

japonicus 

Met Thr Arg Arg Cys Ser His Cys 
1. 

Thir 

Gly 

Gly 

Pro 
65 

Glu 

Gly 

Glin 

Ile 

Ile 
145 

Asp 

Phe 

Lell 

Thir 

Ile 
225 

Pro 

Ser 

Ser 

Lys 
3. OS 

Pro 

Cys 

Ser 

Ser 
SO 

Gly 

Asp 

Thr 

Ser 
13 O 

Arg 

Ile 

Luell 

Pro 

Asn 
21 O 

Lel 

29 O 

Lel 

Ala 

Pro 

Ile 
35 

Gly 

Glu 

Phe 

Pro 

Luell 
115 

Arg 

Glin 

Wall 

Ser 

Ala 
195 

Ser 

Pro 

Ser 
27s 

Gly 

Wall 

5 

Asn Arg Gly Val Lys 

Arg Llys Ser Ala Ser 
4 O 

Ser Gly Pro Lieu. Lieu 
55 

Thr Pro Asp His Ala 
70 

Val Pro Gly Ser Ser 
85 

Trp Thr Glu Glu Glu 

Gly Lys Gly Asp Trp 
12 O 

Thir Pro Thr Gin Wall 
135 

Ser Asn Val Ser Arg 
150 

Ala Asp Asp Ala Ser 
1.65 

Ala Asn. Glin Lieu. Glin 
18O 

Pro Pro Pro Ile Asp 

Ile Asp Gly Asp Ser 
215 

Thr Tyr Pro Val Lieu 
23 O 

Pro Leu Pro Tyr Trp 
245 

Glu Glu. Thir His Glu. 
26 O 

Pro Ile Asn. Wall Asp 

Asp Ser Ile Gly Asp 
295 

Glu Glu Gly Pro Ser 
310 

Gly Ser Ser Asn Ile 

tacagtic ctd 

gtgctitt coa 

ggagacticca 

cct tccagac 

agtgt catac 

Ser His Gly 
1O 

Leu Phe Gly 
25 

Met Gly Asn 

Gly Gly Ser 

Ala Ala Ala 
7s 

Ser Ser Ser 
90 

His Arg Met 
105 

Arg Gly Ile 

Ala Ser His 

Arg Lys Arg 
155 

Asp Thr Pro 
17O 

Thr Gu Thir 
185 

Glu Glu. Cys 

Ala Lieu. Lieu. 

Tyr Pro Ala 
235 

Ser Gly Tyr 
250 

Val Val Lys 
265 

Glu Lieu. Wall 

Ser Gly Pro 

Arg Glin Ser 
315 

Asin Gly Ser 
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cagagcc.ccc aaagaaagag 

aaa.gc.ccaat caatgtggat 

ttggtgactic tdgcc cct co 

aat cagottt to atgctact 

atgcagttta a 

Gly His Asn Ala Arg 
15 

Val Arg Lieu. Thir Asp 
3O 

Lieu. Thir His Tyr Thr 
45 

Asn Asn Pro Asp Ser 
6 O 

Asp Gly Tyr Ala Ser 
8O 

Arg Glu Arg Llys Llys 
95 

Phe Lieu Lieu. Gly Lieu 
11 O 

Ala Arg Asn Tyr Val 
125 

Ala Gln Lys Tyr Phe 
14 O 

Arg Ser Ser Leu Phe 
160 

Met Val Glu Glin Asp 
17s 

Glu Gly Asn. Asn Pro 
19 O 

Glu Ser Met Asp Ser 
2O5 

Llys Pro Asp Thr Pro 
22O 

Tyr Tyr Pro Pro Phe 
24 O 

Ser Pro Ala Glu Pro 
255 

Pro Thir Ala Wall Lieu. 
27 O 

Gly Met Ser Lys Lieu. 
285 

Ser Ser Lieu. Ser Arg 
3 OO 

Ala Phe His Ala Thr 
32O 

Wall Ile His Ala Wall 

84 O 

9 OO 

96.O 

1011 
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Met Glu Thir 
1.65 

Ile Met Glu Glu Glu 
17O 

Ser Ser Glin Asp Glin 

Wall Ala 
18O 

Pro Pro Thir Ser Ala Val Tyr Pro Pro Leu. His 
185 

Phe Ala Phe Met Ala Wall His Gly Pro Pro Luell Ser Pro 
195 

Wall Ala 
21 O 

Gly Gly Glu Pro Ala Pro Ile Pro 
215 

Arg Arg Arg 

Phe 
225 

Wall Met Ala Ser Lieu. Asn 
235 

Ser Ser 
23 O 

Pro Pro Pro 

Ala Ala Pro Phe Glu Pro 
250 

Pro Ser Pro Ser Ser 
245 

Ser 

Glin Pro Pro Ser 
265 

Luell Pro Ser Pro 
26 O 

Ser Luell Asp 

Ala Thr Ser 
285 

Pro Ser Ser Pro Ser 
28O 

Ser Ser His Ser Ser 
27s 

Phe Glin 
29 O 

Ala Met Ser Ala Gly Phe Ser 
295 

Lys Gly Gly 
3 OO 

Gly 

Ile 
3. OS 

Ser Wall Ala 

What is claimed is: 
1. A transgenic plant comprising: 
a first transgene that contains a first nucleic acid sequence 

operably linked to a promoter, the first nucleic acid 
sequence encoding a MYBS3 protein having the 
sequence of SEQID NO:1, and 

a second transgene that contains a second nucleic acid 
sequence operably linked to a promoter, the second 
nucleic acid sequence encoding a DREB1A protein hav 
ing the sequence of SEQID NO:4, 

wherein the transgenic plant expresses both a higher level 
of the MYBS3 protein and a higher level of the 
DREB1A protein as compared to a host plant of the 
transgenic plant that lacks the first transgene and the 
second transgene, the transgenic plant being more toler 
ant to chill as compared to the host plant. 

Glin 

Tyr 
19 O 

Wall 

Thir 

Luell 

Luell 

His 
27 O 

Ser 

Asp 

30 

35 

40 

Glu 
17s 

Met 

Gly Gly 

Leul Pro 

Pro Ile 

Glu 
24 O 

Pro Leu 
255 

Ser Pro 

Ser Ser 

Ser Ile 

2. The transgenic plant of claim 1, wherein the plant is rice, 
maize, wheat, barley, Sorghum, Sugarcane, turfgrass, Mis 
canthus, Switchgrass, napier grass, soybean, canola, potato, 
tomato, bean, pea, or jatropha. 

3. The transgenic plant of claim 2, wherein the plant is rice. 
4. A method of generating the transgenic plant of claim 1, 

comprising 
introducing into a cell of a host plant the first transgene and 

the second transgene; and 
identifying and selecting a transgenic plant that is more 

tolerant to chill as compared to the host plant. 
5. The method of claim 4, wherein the host plant is rice, 

maize, wheat, barley, Sorghum, Sugarcane, turfgrass, Mis 
canthus, Switchgrass, napier grass, soybean, canola, potato, 
tomato, bean, pea, or jatropha. 

6. The method of claim 5, wherein the host plant is rice. 
k k k k k 


